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<f_klh ZgghlZpbb ;)

< gZklhys__ \j_fy gZ jugd_ ihy\ey_lky \k_ [hevr_ g_^hjh]bo we_dljhgguo

mkljhckl\ [ulh\h]h b ijhn_kkbhgZevgh]h gZagZq_gby O dhlhju_ bkihevamxl ^ey k\yab k

dhfivxl_jhf ^jm]bfb mkljhckl\Zfb ihke_^h\Zl_evgu_ bgl_jn_cku )LUH:LU P b 86%�

ijboh^ysb_ gZ kf_gm mklZj_\rbf 56 Q�R
Q b /37�

Kj_^b gbo mkljhckl\Z i_j_^Zqb b h[jZ[hldb \b^_hbah[jZ`_gbc S ijbgl_ju S kdZg_ju�

fh[bevgu_ l_e_nhgu��furb���deZ\bZlmju b�l�i�

< jy^_ kemqZ_\ ihke_^h\Zl_evgu_ rbgu lZd `_ y\eyxlky ohjhr_c aZf_ghc

jZkijhkljZg_gguf iZjZee_evguf rbgZf lZdbf dZd 3& T b ,6$�

<k_ [hevr_ jZajZ[hlqbdh\ ijbdeZ^gh]h IH��^jZc\_jh\ mkljhckl\ ^ey jZaebqguo HK Z lZd `_

jZajZ[hlqbdh\ we_dljhgguo mkljhckl\ klZedb\Zxlky k g_h[oh^bfhklvx bkihevah\Zgby beb

j_ZebaZpbb ijhlhdheh\ wlbo rbg�

>ZggZy im[ebdZpby ihk\ys_gZ baeh`_gbx Zjobl_dlmju Z lZd `_ hkgh\guo hkh[_gghkl_c

jZ[hlu b bkihevah\Zgby rbg )LUH:iU U b 86% V GZ ijhly`_gbb \k_]h baeh`_gby

Zdp_glbjm_lky \gbfZgb_ gZ koh^kl\Zo b jZaebqbyo wlbo ^\mo rbg�

Kh^_j`Zgb_

<\_^_gb_

 GZagZq_gb_ 86 W b )LUH:LUH

Zq_f gZf gh\u_ rbgu �beb jZat_fu gZ aZ^g_c iZg_eb X \f_klh klZjuo"

\lhfZlbq_kdbc ihbkd ^jZc\_jh\ mkljhckl\ 3OX Y[Z 3OD\

<_jkbb klZg^Zjlh\ )LUH:L \̂ ] b 86%
_jkbb 86%

_jkbb )LUH:LU _ �klZg^ZjlZ ,(((�����

Ijbf_ju mkljhckl\



Ijh\h^Z b jZat_fu
DZ[_eb b jZat_fu 86%�

DZ[_eb b jZat_fu )LUH:LUH�

Fh^_ev i_j_^Zqb ^Zgguo
Hkgh\gu_ kihkh[u i_j_^Zqb ^Zgguo �Zkbgojhgguc b bahojhgguc�

GZagZq_gby kihkh[h\ i_j_^Zqb ^Zgguo��mkljhckl\Z bo bkihevamxsb_

MijZ\e_gb_ rbghc
³P_gljZebah\Zggh_ � mijZ\e_gb_ rbghc 86%

³KZfhhj]Zgbamxs__ky � mijZ\e_gb_ rbghc )LUH:LU
�
�,(((�����

Hij_^_e_gb_ lhiheh]bb rbgu

 USB
 FireWire
  Tree Identification.
  Self identification

I_j_^ZqZ iZd_lh\

 USB.
  LZcfkehlu��kh\f_klbfhklv klZg^Zjlh\��ljZgaZdpbb�

KljmdlmjZ b lbiu bkihevam_fuo iZd_lh\

6SOLW�ljZgaZdpbb

HibkZgb_ ljZgaZdpbc ^ey jZaguo lbih\ i_j_^Zqb ^Zgguo 86
�
�EXON��LVRFKURQ��FRQWURO�

interrupt)
%XO � ljZgaZdpbb

&RQWUR � ljZgaZdpbb

,QWHUUXS � ljZgaZdpbb

,VRFKU ��� ljZgaZdpbb

 FireWire.
Mjh\gb ijhlhdheZ )LUH:LUH

6SOLW�ljZgaZdpbb

We_dljbq_kdb_ oZjZdl_jbklbdb��i_j_^ZqZ kb]gZeh\

 USB.
 FireWire.

MijZ\e_gb_ iblZgb_f

 USB.
 FireWire.

JZ[hlZ ijh]jZffu �beb ^jZc\_jZ 	 k rbghc

 USB.
 FireWire.
  Unit registers
  PHY Registers b Configuration ROM
  Configuration ROM



:iiZjZlgu_ j_r_gby ^ey mkljhckl\ 86 � b )LUH:LUH

Ih^^_j`dZ )LUH:LUH��86 � jZaebqgufb ieZlnhjfZfb

Bkoh^gu_ l_dklu ijh]jZff b ^jm]b_ bklhqgbdb bgnhjfZpbb \ bgl_jg_l

>jm]b_ ihke_^h\Zl_evgu_ rbgu b [_kijh\h^gu_ dZgZeu k\yab.
Ij_^r_kl\mxsb_ j_ZebaZpbb�

Kh\j_f_ggu_ ihke_^h\Zl_evgu_ ijh\h^gu_ rbgu�

RbgZ ,�&�

RbgZ &$1�

;_kijh\h^gu_ k_lb b dZgZeu i_j_^Zqb.
 BlueTooth.
 WLAN.

Ebl_jZlmjZ.



<\_^_gb_

GZagZq_gb_ 86 � b )LUH:LUH

Kibkdb ihlj_[ghklb��dhlhju_ ih fg_gbx bo jZajZ[hlqbdh\ ^he`gu [ueb j_rblv 86 � b

)LUH:LUH��\h fgh]hf i_j_k_dZxlky b khklhyl \ ke_^mxs_f�

1. IjhklhlZ \ bkihevah\Zgbb

2. Mgb\_jkZevghklv ih hlghr_gbx d jZaebqguf ijbf_g_gbyf �gZijbf_j \hafh`ghklv

aZf_gblv nmgdpbb &2 � b /3 � ihjlh\ \ 3&�

3. FZkrlZ[bjm_fhklv ih dhebq_kl\m mkljhckl\

4. G_\ukhdZy klhbfhklv

5. <hafh`ghklv ih^dexq_gby [hevrh]h dhebq_kl\Z mkljhckl\ b fZkrlZ[bjm_fhklv k

bkihevah\Zgb_f +8%�h\

6. <hafh`ghklv ³]hjyq_]h � ih^dexq_gby b hldexq_gby mkljhckl\

7. <hafh`ghklv hlghkblv gZ ^hklZlhqgh [hevrb_ jZkklhygby �ih kjZ\g_gbx k lZdbfb

iZjZee_evgufb rbgZfb dZd ,6$�3&,�$*3 � mkljhckl\ kh_^bg_gguo ijb ihfhsb rbgu�

8. G_[hevrh_ dhebq_kl\h kh_^bgbl_evguo ijh\h^h\ �lhgdb_ dZ[_eb � ih kjZ\g_gbx k

gZb[he__ jZkijhkljZg_ggufb dhfivxl_jgufb ihke_^h\Zl_evgufb rbgZfb

(RS232,RS485,LPT)
9. Ih^^_j`dZ \ukhdbo kdhjhkl_c i_j_^Zqb ^Zgguo��^hklZlhqghc ^ey i_j_^Zqb \b^_h b

Zm^bh�

10. <hafh`ghklv i_j_^Zqb ^Zgguo \ j_Zevghf \j_f_gb �k nbdkbjh\Zgghc

fZdkbfZevghc \j_f_gghc aZ^_j`dhc���dZd wlh g_h[oh^bfh ^ey i_j_^Zqb a\mdZ b

bah[jZ`_gby

11. <hafh`ghklv Z\lhfZlbq_kdhc gZkljhcdb IH ijb ih^dexq_gbb gh\uo mkljhckl\

12. >ey )LUH:LU � _s_ b \hafh`ghklv jZ[hlu kh_^bg_gguo mkljhckl\ \ hlkmlkl\bb

hkgh\gh]h dhfivxl_jZ �ohklZ�

13. >ey )LUH:LU � \hafh`ghklv h^gh\j_f_ggh]h ihemq_gby ihlhdZ ^Zgguo

g_kdhevdbfb mkljhckl\Zfb �EURDGFDVW�

14. 86 � ih klhbfhklb ^he`gZ [ueZ ih^oh^blv \ dZq_kl\_ aZf_gu ihke_^h\Zl_evguf

b iZjZee_evguf ihjlZf ^ey dhfivxl_jh\ ke_^mxs_]h ihdhe_gby�

 AZq_f gZf gh\u_ rbgu �beb jZat_fu gZ aZ^g_c iZg_eb� \f_klh klZjuo"

“AZq_f gZf gh\u_ rbgu \f_klh klZjuo" 	�
 wlhl \hijhk mf_klgh aZ^Zlv \ i_j\mx

hq_j_^v \ hlghr_gbb 86% � lZd dZd bf_ggh 86 
 ih aZfukem ij_^gZagZqZ_lky \ dZq_kl\_

aZf_gu bf_xsbfky \ dhfivxl_jZo &2 � b /3 � ihjlZf � < hlghr_gbb `_ )LUH:LU � fh`gh

kjZam `_ aZf_lblv ke_^mxs__ � qlh ohly )LUH:LU � b ij_^hklZ\ey_l gZf g_dhlhju_ qbklh

dhfivxl_jgu_ k_j\bku �lZdb_ � gZijbf_j � dZd ih^dexq_gb_ d 3 � kdhjhklguo \g_rgbo

gZdhibl_e_c beb k_lv 7&3�,� ih )LUH:LU � \ HK /LQX[ � hgZ \k_ `_ ijbreZ \ kn_jm

i_jkhgZevguo dhfivxl_jh\ ba h[eZklb pbnjh\hc i_j_^Zqb bah[jZ`_gby � ]^_ ljZ^bpbhggh

bkihevam_lky m`_ gZ ijhly`_gbb g_dhlhjh]h \j_f_gb �gZijbf_j \b^_hdZf_jZfb 6RQ\��



K_]h^gy dhfivxl_ju klZeb kms_kl\_ggh [uklj__ [eZ]h^Zjy q_fm ihevah\Zl_ev ihemqbe

\hafh`ghklv \dexqblv k\hc 3 � \ ijhp_kk \aZbfh^_ckl\by k pbnjh\hc \b^_haZibku\Zxs_c

ZiiZjZlmjhc � Hkh[h_ jZa\blby ihemqbeb dhfivxl_jgu_ kj_^kl\Z fmevlbf_^bZ b )LUH:LUH

klZeZ \hklj_[h\ZgZ \ fbj_ i_jkhgZevguo dhfivxl_jh\ dZd gbdh]^Z jZg__ � < kbem

hkh[_gghkl_c k\h_]h ijhbkoh`^_gby )LUH:LU � mgZke_^h\ZeZ kihkh[ghklv kh_^bgylv

mkljhckl\Z b \ hlkmlkl\bb p_gljZevgh]h dhfivxl_jZ � qlh ^_eZ_l __ _s_ [he__ mgb\_jkZevghc

q_f 86%��ijZ\^Z ijb wlhf b [he__ ^hjh]hc�

Qlh `_ dZkZ_lky 86% � lh hgZ lh`_ ij_^hklZ\ey_l \hafh`ghklv i_j_^Zqb ^Zgguo�

>hklZlhqgh [ukljhc ^ey ih^dexq_gby � 3 � jZaebqguo fmevlbf_^bcguo mkljhckl\��Ijb wlhf

[he__ gbadZy klhbfhklv ^_eZ_l 86 � \ jy^_ kemqZ_\ _s_ [he__ ijb\e_dZl_evghc � B \k_ `_

aZq_f gZf 86% 	 Ba\_klgh qlh q_j_a ihjlu 86%�� 
 fh`_l i_j_^Z\Zlvky ^h ��0ELW�V �
� \ lh

\j_fy dZd kh\j_f_ggu_ \ZjbZglu /3 � ihjlh\ kihkh[gu i_j_^Z\Zlv ^h ��0ELW�V �
� b lhevdh

ihke_^h\Zl_evgu_ ihjlu &2 � hlklZxl hl 86%�� 
 ijbf_jgh \ ��
�
 jZa � bo kdhjhklv h[uqgh

g_ ^hklb]Z_l [he__ ���.%LW�VHF � Ih`Zemc _keb fu bkihevam_f lhevdh ijbgl_j furv b fh^_f

86%�� � g_ ^Zkl gZf kms_kl\_gguo ij_bfms_kl\ � < l_o `_ kemqZyo dh]^Z lj_[m_lky

ih^dexqblv d dhfivxl_jm ime ba ��� fh^_fh\ � ^he]h_ \j_fy lZdZy aZ^ZqZ j_rZeZkv ijb

ihfhsb fmevlbihjlh\hc ieZlu � \klZ\ey_fhc \ ,6 � beb 3& � kehl � ;_amkeh\gh 86%���

y\ey_lky [he__ we_]Zglguf j_r_gb_f \ ieZg_ fZkrlZ[bjm_fhklb b mgb\_jkZevghklb�

ihwlhfm \ qZklghklb b ijhba\h^bl_eb \b^_hdZf_j � ij_^gZagZq_gguo ^ey ih^dexq_gby d 3&

i_j_reb k bkihevah\Zgby iZjZee_evgh]h ihjlZ beb kh[kl\_gghc ieZlu ^ey ih^dexq_gby

dZf_ju d bkihevah\Zgbx 86 � b )LUH:LUH � Hq_\b^gh qlh k jZa\blb_f we_f_glghc [Zau

ZiiZjZlgh]h h[_ki_q_gby i_jkhgZevguo dhfivxl_jh\ 86%�� � ihlbohgvdm \hreZ \ `bagv

ihevah\Zl_e_c 3& � <h \k_o i_j_qbke_gguo kemqZyo hgZ bf__l g_hkihjbfu_ ij_bfms_kl\Z

i_j_^ ihke_^h\Zl_evgufb rbgZfb ij_^u^ms_]h ihdhe_gby � ohly b g_ ij_^hklZ\ey_l

dZdbo lh hkh[uo \u^Zxsboky \hafh`ghkl_c ih kjZ\g_gbx k gbfb�

KblmZpby \ dhjg_ baf_gbeZkv k ihy\e_gb_f 86%��� � dhlhjZy ih kdhjhklb

i_j_^Zqb hklZ\beZ ^Ze_dh ihaZ^b &2 � b /37  D kh`Ze_gbx _s_ g_ lZd fgh]h bf__lky

g_^hjh]bo mkljhckl\ jZaebqgh]h gZagZq_gby k 86%��� � gh ijh]j_kk dZd \k_]^Z g_hklZgh\bf b

86 ! ihlbohgvdm ³[_j_l k\h_´ � aZgbfZy f_klh mklZj_\Zxsbo ihke_^h\Zl_evguo b

iZjZee_evguo ihjlh\�

:\lhfZlbq_kdbc ihbkd ^jZc\_jh\ mkljhckl\ 3OX "$# 3OD\

USB b )LUH:LU % bagZqZevgh jZajZ[Zlu\Zebkv k mq_lhf lh]h & qlh ijh]jZffgh_

h[_ki_q_gb_ HK ^he`gh kZfhklhyl_evgh hij_^_eylv dZdhc ^jZc\_j ke_^m_l bkihevah\Zlv ^ey

jZ[hlu k dZ`^uf \gh\v ih^dexqZ_fuf mkljhckl\hf ' Wlh hkh[_ggh \Z`gh k mq_lhf lh]h ( qlh

mkljhckl\Z fh]ml ih^dexqZlvky b hldexqZlvky gZoh^m d jZaebqguf ihjlZf dhfivxl_jZ b \

lZdhc kblmZpbb ijhevah\Zl_ex [ueh [u kebrdhf mlhfbl_evgh dZ`^uc jZa khh[sZlv kbkl_f_

qlh kdZ`_f d ihjlm ghf_ ) ih^dexq_gh lZdh_�lh mkljhckl\h�

>ey lh]h * qlh[u \ iheghc f_j_ j_Zebah\Zlv lZdmx \hafh`ghklv dZ`^h_

mkljhckl\h ^he`gh bf_lv \gmljb g_dhlhjuc mgbdZevguc b^_glbnbdZlhj �b^_glbnbdZlhj

ijhba\h^bl_ey b b^_glbnbdZlhj kZfh]h mkljhckl\Z�9HQGR + ,, b 3URGXF - ,'� . >ey lh]h / qlh[u

b^_glbnbdZlhju kemqZcgh g_ ih\lhjbebkv ^ey ^\mo jZaebqguo mkljhckl\ / k^_eZgguo

jZagufb ijhba\h^bl_eyfb / hgb ^he`gu \u^Z\Zlvky g_dhlhjuf p_gljZevguf hj]Zghf ih

j_]bkljZpbb lZdbo b^_glbnbdZlhjh\ . Khhl\_lkl\mxsbf klZg^Zjlm fh`_l kqblZlvky lhevdh

ebrv mkljhckl\h / dhlhjh_ bf__l aZj_]bkljbjh\Zggu_ b^_glbnbdZlhju . GZ ijZdlbd_ bf_ggh

wlh bf__l f_klh . Ihemq_gb_ b^_glbnbdZlhjZ dhff_jq_kb ^hklmigh ex[hfm ijhba\h^bl_ex

we_dljhgguo mkljhckl\�

H[uqgh dhfivxl_ju k HK :LQGRZ 0 beb /LQX 1 kihkh[gu kZfhklhyl_evgh

h[gZjm`b\Zlv mkljhckl\Z 2 lZdb_ gZijbf_j dZd :HE�dZf_ju k bgl_jn_ckhf 86 3 b

bkihevah\Zlv khhl\_lkl\mxsbc bf ^jZc\_j mkljhckl\Z�



< /LQX � lZd `_ \hafh`gh bkihevah\Zgb_ 86
�

ihjlh\ b mkljhckl\ ih^dexq_gguo

d gbf ijbdeZ^ghc ijh]jZffhc � dZd wlh \k_]^Z [ueh k ihke_^h\Zl_evgufb ihjlZfb 56��� � D

kh`Ze_gbx \ :LQGRZ � \ gZklhys__ \j_fy bkihevah\Zgb_ 86
�

y\ey_lky kms_kl\_ggh [he__

keh`ghc aZ^Zq_c��lj_[mxs_c gZibkZgby kbkl_fgh]h ^jZc\_jZ�

>ey l_o `_ dhfm bgl_j_kgZ jZ[hlZ kbkl_fguo ^jZc\_jh\ k 86
�

mkljhckl\Zfb \

gZklhys__ \j_fy fh`gh lZd `_ ihj_dhf_g^h\Zlv bkihevah\Zgb_ /LQX � \ k\yab k l_f � qlh lZf

bf__lky ^hklZlhqgh [hevrh_ dhebq_kl\h ^jZc\_jh\ mkljhckl\ k bkoh^gufb l_dklZfb � <

dZq_kl\_ ijbf_jZ ^ey bamq_gby fh`gh ihj_dhf_g^h\Zlv ^jZc\_j ^ey :HE�dZf_ju /RJLWHFK

4XLFN&DP � dhlhjuc ih fg_gbx Z\lhjZ y\ey_lky ^hklZlhqgh ijhkluf b \f_kl_ k l_f

beexkljbjm_l \k_ hkgh\gu_ hkh[_gghklb jZ[hlu kbkl_fgh]h ^jZc\_jZ k 86 � mkljhckl\hf�

<_jkbb klZg^Zjlh\ )LUH:L �	� b 86%

K fhf_glZ k\h_]h \\_^_gby h[Z klZg^ZjlZ ij_l_ji_eb jZa\blb_ \ qZklghklb \

klhjhgm m\_ebq_gby kdhjhklb i_j_^Zqb � ihwlhfm \ i_j\mx hq_j_^v j_qv ihc^_l bf_ggh h

jZaebqbyo \ kdhjhklb�

LjZ^bpbhggh kdhjhklv i_j_^Zqb ih ihke_^h\Zl_evguf ebgbyf b rbgZf �dZd

gZijbf_j dh]^Z j_qv b^_l h fh^_fZo 
 kdhjhklv i_j_^Zqb ^Zgguo baf_jy_lky \ _^bgbpZo

[blh\ \ k_dmg^m � Z g_ \ _^bgbpZo [Zclh\ � dZd wlh ^_eZ_lky ^ey iZjZee_evguo rbg lZdbo dZd

,6$�3& � beb $*3��Ihwlhfm fu lZd `_ ijb\h^bf kdhjhklb \ f_]Z[blZo�

Ke_^m_l bf_lv \ \b^m qlh \ kbem mkljhckl\Z h[_bo rbg fZdkbfZevgh^hklb`bfZy

kdhjhklv h^ghgZijZ\e_ggh]h dZgZeZ i_j_^Zqb ^Zgguo f_`^m ^\mfy mkljhckl\Zfb gZ rbg_

g_kdhevdh gb`_ ijb\h^bfhc a^_kv h[s_c ijhimkdghc kihkh[ghklb rbgu \ f_]Z[blZo � Wlh

h[tykgy_lky l_f � qlh rbgZ g_ iha\hey_l aZj_a_j\bjh\Zlv \kx k\hx ihehkm ijhimkdZgby ih^

_^bgkl\_gguc dZgZe i_j_^Zqb�

D h^ghc rbg_ fh]ml hdZaZlvky fh]ml hdZaZlvky ih^kh_^bg_ggufb mkljhckl\Z�

m^\e_l\hjyxsb_ jZaguf \_jkbyf klZg^ZjlZ �b khhl\_lkl\_ggh bf_xsb_ jZagu_

fZdkbfZevgu_ kdhjhklb i_j_^Zqb 
 lZdbf h[jZahf qlh ^ey i_j_^Zqb ^Zgguo hl h^gh]h

mkljhckl\Z d ^jm]hfm fh`_l ihlj_[h\Zlvky bo ijhoh`^_gb_ q_j_a maeu k jZaebqghc

kdhjhklvx � Ijb wlhf rbgZ \ p_ehf khojZgbl jZ[hlhkihkh[ghklv � h^gZdh h]jZgbq_gby�

h^gZdh h]jZgbq_gby � k\yaZggu_ kh kdhjhklvx i_j_^Zqb fh]ml [ulv gZeh`_gu gZ jZ[hlm

hl^_evguo mkljhckl\�

Ihwlhfm ijb kh_^bg_gbb jZaghlbiguo mkljhckl\ \ jy^_ kemqZ_\ ke_^m_l m^_eylv

hkh[h_ \gbfZgb_ lhiheh]bb bo kh_^bg_gby�

<_jkbb 86%

< gZklhys__ \j_fy kms_kl\mxl 
 \_jkbb klZg^ZjlZ 86% � 86%�� � b 86%����

86%�� � h[jZlghkh\f_klbf k 86%��� � FZdkbfZevgZy kdhjhklv i_j_^Zqb ^Zgguo 86%���

jZ\gZ ��0ELW�VHF � 86%�� � h[_ki_qb\Z_l kdhjhklv i_j_^Zqb ijbf_jgh \ 
�� jZa [hevr_

480Mb/sec.
Kms_kl\m_l _s_ lbi lZd gZau\Z_fuo f_^e_gguo 86 � mkljhckl\ � dhlhju_ fh]ml

jZ[hlZlv gZ kdhjhklyo ebrv ^h ���0E�VHF � RbgZ h[gZjm`b\Z_l lZdb_ mkljhckl\Z b

hkms_kl\ey_l ijhp_kk \aZbfh^_ckl\by k gbfb g_kdhevdh ih^jm]hfm q_f k hklZevgufb

mkljhckl\Zfb � LZdb_ mkljhckl\Z lZd `_ bf_xl kms_kl\_ggu_ h]jZgbq_gby ih kihkh[Zf

i_j_^Zqb ^Zgguo�

H[_ \_jkbb klZg^ZjlZ hij_^_eyxl ohkl �p_gljZevguc dhfivxl_j 
 dZd we_f_gl

g_h[oh^bfuc ^ey jZ[hlu rbgu \ p_ehf�



<_jkbb )LUH:L ��� �klZg^ZjlZ ,(((�����

RbgZ )LUH:LU � ki_pbnbpbjm_lky klZg^Zjlhf ,
�����

����� ���	��
 �ijbgyluf \ ����

]h^m� b _]h ^Zevg_crbf jZa\blb_f \_jkbyfb klZg^ZjlZ 
 ,����� ���� � b ,
�����

����% � KlZg^Zjl

,
�����

���� � gZ k_]h^gyrgbc ^_gv ih�\b^bfhfm y\ey_lky gZb[he__ jZkijhkljZg_gguf�

 Kdhjhklb i_j_^Zqb ^Zgguo � hij_^_ey_fu_ klZg^ZjlZfb ,
�����

����� ���	��
 b ,(((

���� ��� wlh ���0E�VHF � ���0E�VHF � ���0E�VHF � DZ`^Zy ba gbo fh`_l bkihevah\Zlvky

mkljhckl\Zfb � ih^dexq_ggufb d rbg_ � <k_ )LUH:LU � mkljhckl\Z ^he`gu ih^^_j`b\Zlv

jZ[hlm gZ fbgbfZevghc kdhjhklb ���0E�VHF�

< ,����� ���� � ihemqbeb jZa\blb_ _s_ [hevrb_ kdhjhklb i_j_^Zqb � ���0E�VHF�

1.6Gb/sec, 3.2Gb/sec.
<h \k_o \ZjbZglZo klZg^ZjlZ rbgZ fh`_l nmgdpbhgbjh\Zlv \ hlkmlkl\bb

\u^_e_ggh]h maeZ �dhfivxl_jZ��

Ijbf_ju mkljhckl\

Jbkmghd �JZaebqgu_ lbiu mkljhckl\ )LUH:LUH��ih^dexqZ_fuo d dhfivxl_jm�

< wlhf imgdl_ fu ihklZjZ_fky ^Zlv g_[hevrhc h[ahjmkljhckl\ � bkihevamxsbo

86 � b )LUH:LUH�

DeZ\bZlmju b furb � dZd f_^e_ggu_ mkljhckl\Z bkihevamxl 86 � �dZd ijZ\beh 86%����

:(%�dZf_ju� Ijbf_jhf jZkijhkljZg_gghc 86 � :(%�dZf_ju fh`_l kem`blv /RJLWHFK

4XLFN&DP  DZf_jZ kihkh[gZ i_j_^Z\Zlv ��� !#" dZ^jh\ gbadh]h jZaj_r_gby ����[��� $ \

k_dmg^m b \iheg_ ih^oh^bl ^ey ijh\_^_gby \b^_hdhgn_j_gpbc q_j_a Bgl_jg_l k

bkihevah\Zgb_f lZdbo ijh]jZff dZd 1HW0HHWLQJ % .0HHWLQ & beb ih^h[guo  H^gZdh dZq_kl\h

bah[jZ`_gby % ihemqZ_fh]h ijb ihfhsb wlhc dZf_ju g_ kebrdhf \ukhdh_ % ijb mebqghf

hk\_s_gbb �\ kheg_qguc ^_gv $ bah[jZ`_gb_ hdZau\Z_lky ^hklZlhqgh g_jZa[hjqb\uf lZd dZd

mkljhckl\h ij_^gZagZq_gh bkdexqbl_evgh ^ey ^hfZrg_]h bkihevah\Zgby \ mkeh\byo dh]^Z \

dZ^j ihiZ^Zxl ij_^f_lu ijbf_jgh h^bgZdh\hc hk\_s_gghklb  Ih^kljhcdZ

qm\kl\bl_evghklb dZf_ju ijhba\h^blky ijh]jZffguf iml_f ijb ihfhsb mkj_^g_gby



yjdhklb ibdk_eh\ bah[jZ`_gby � qlh fh`_l hlgbfZlv ^hklZlhqgh fgh]h j_kmjkh\ ijhp_kkhjZ�

;ZeZgk [_eh]h lh`_ hklZ\ey_l `_eZlv emqr_]h ih kjZ\g_gbx k ex[bl_evkdbfb pbnjh\ufb

nhlhdZf_jZfb � <k_ gZa\Zggu_ g_^hklZldb hlghkylky d [hevrbgkl\m :(%�dZf_j � dhhljuf g_

lj_[m_lky \ukhdh_ dZq_kl\h \ kbem lh]h � qlh i_j_^ZqZ bah[jZ`_gby q_j_a bgl_jg_l

ijhbkoh^bl gZ djZcg_ gbadbo kdhjhklyo b ihwlhfm i_j_^Z_lky ^hklZlhqgh klZlbq_kdh_

bah[jZ`_gb_ ^h\hevgh fZeh]h jZaf_jZ � L_f g_ f_g__ /RJLWHF
�

4XLFN&D � fh`gh

ihj_dhf_g^h\Zlv ^ey [hevrbgkl\Z ijZdlbq_kdbo ijbf_g_gbc � k\yaZgguo k Bgl_jg_l�

Ijh]jZffgZy ih^^_j`dZ wlhc dZf_ju ^hklmigZ ^ey [hevrbgkl\Z hi_jZpbhgguo kbkl_f�

\dexqZy \k_ \_jkbb :QLGRZ � b /LQX[�

>jm]bf ijbf_jhf :(%�dZf_ju y\ey_lky )LUH:LU � dZf_jZ 3\U � :HE&DP � dhlhjZy

kms_kl\_ggh [eb`_ d \b^_hdZf_jZf ^ey ex[bl_evkdhc kt_fdb � q_f dZf_jZ 4XLFN&DP � 3\UR
kihkh[gZ i_j_^Z\Zlv m`_ ^h �	� dZ^jh\ \ k_dmg^m ijb q_f k m`_ ^hklZlhqgh g_iehobf

jZaj_r_gb_f��H^gZdh 3\U � :HE&D � m`_ kms_kl\_ggh ^hjh`_ �ijbf_jgh \ 
 jZaZ�

Jbkmghd �/RJLWHF� 4XLFN&D� 3U 
����	�	� k bgl_jn_ckhf 86%�

Jbkmghd �:(%�dZf_jZ 3\U � k bgl_jn_ckhf )LUH:LUH�

<b^_hdZf_ju� hkh[h ke_^m_l \u^_eblv \b^_hdZf_ju k bgl_jn_ckhf )LUH:LUH � d dZdh\uf

hlghkylky gZijbf_j g_dhlhju_ fh^_eb ijhba\h^kl\Z 6RQ\ � fgh]b_ ba gbo m`_ y\eyxlky

\ukhdhdZq_kl\_ggufb kdhjhklgufb mkljhckl\Zfb ^ey \b^_hkt_fdb � G_dhlhju_ kihkh[gu

kZfhklhyl_evgh aZibku\Zlv \b^_hbah[jZ`_gby � )LUH:LU � ljZ^bpbhggh bkihevam_lky 6RQ\

bf_ggh ^ey wlbo p_e_c � DZd ijZ\beh � wlh m`_ ^hklZlhqgh ^hjh]hklhysb_ mkljhckl\Z�

bkihevah\Zgb_ dhlhjuo \f_kl_ k dhfivxl_jhf ihemqbeh rbjhdh_ jZkijhkljZg_gb_

hlghkbl_evgh g_^Z\gh�



Mkljhckl\Z 'HVNWR � 9LGHR, 79�lxg_ju � d wlhc dZl_]hjbb hlghkylky fgh]hqbke_ggu_

mkljhckl\Z ^ey ij_h[jZah\Zgby bah[jZ`_gby f_`^m ZgZeh]h\ufb �lZdbfb dZd

l_e_\babhggu_ nhjfZlu 3$/�6(&$0�176& � b pbnjh\ufb nhjfZlZfb bah[jZ`_gby b a\mdZ�

G_dhlhju_ bo wlbo mkljhck\ ih^^_j`b\Zxl lZd `_ \\_^_gb_ \bamZevguo wnn_dlh\

\b^_hbah[jZ`_gby gZ ZiijZjZlghf mjh\g_ b ij_^gZagZq_gu ^ey g_ebg_cgh]h fhglZ`Z \b^_h�

Wlb mkljhkl\Z lZd `_ ljZ^bpbhggh bkihevamxl )LUH:LU � b kdhjhklgmx rbgm 86%����

0D ��� 6WRUDJ � mkljhckl\Z d lZdh\uf hlghkylky ih^dexqZ_fu_ d dhfivxl_jm ijb ihfhsb

86 � b )LUH:LU � mkljhckl\Z &'52 	 
 '9'520 
 `_kldb_ b )ODV � ^bkdb � Ih`Zemc a^_kv

g_q_]h ^h[Z\blv dZd b ^ey ke_^mxs_]h deZkkZ mkljhckl\�

Ijbgl_ju b kdZg_ju 
 h[uqgh bkihevamxl 86%�

Fh[bevgu_ l_e_nhgu 
 dhfivxl_ju gZeZ^hggbdb �3DOP � 4RPSDTXH � &DVVL � b�l�^�� � pbnjh\u_

nhlhZiiZjZlu � \k_ wlb mkljhckl\Z bkihevamxl 86 � ^ey h[f_gZ ihevah\Zl_evkdbfb

^Zggufb k dhfivxl_jhf�

Ki_pbZebabjh\Zggu_ mkljhckl\Z k[hjZ ^Zgguo � ^ey ijbf_jZ kdhjhklgu_ ieZlu

ZgZeh]h\hpbnjh\uo b pbnjhZgZeh]h\uo ij_h[jZah\Zl_e_c ijhba\h^kl\Z 7H[D � ,QVWUXPHQWV�
6XQ'DQ ��� beb fhkdh\kdhc nbjfu A:H ³Bgkljmf_glZevgu_ kbkl_fu � �ZZZ�LQV\V�UX�

bkihevamxl ^ey i_j_^Zqb ^Zgguo )LUH:LU � b 86%��� � Ijbf_g_gb_ wlbo rbg \ ^Zgghf kemqZ_

[he__ q_f hijZ\^Zgh ihkdhevdm mkljhckl\Z k[hjZ ^Zgguo �:PI�P:I� � ijbf_gy_fu_ \

k\yab � l_ogbd_ ijhfure_gguo b gZmqguo baf_j_gbc qZklh g_h[oh^bf ^ey ij_^hl\jZs_gby

ihf_o jZkiheh`blv dZd fh`gh ^Zevr_ hl dhfivxl_jZ b dZd fh`gh [eb`_ d ^Zlqbdm�

ihdZaZgby dhlhjh]h kgbfZxly mkljhckl\hf � Ijb wlhf g_j_^dh lj_[mxlky ^hklZlhqgh

\ukhdb_ kdhjhklb i_j_^Zqb ^Zgguo � lZdb_ dZd gZijbf_j \ kemqZ_ ���[blgh]h :PI�

jZ[hlZxs_]h k qZklhlhc ���F=p � ;he__ ih^jh[gh k wlbfb mkljhckl\Zfb fh`gh hagZdhfbvky

gZ kZclZo gZa\Zgguo ijhba\h^bl_e_c�

Mkljhckl\Z ^ey kh_^bg_gby ^\mo dhfivxl_jh\ ih 86% � LZd `_ dZd jZgvr_ [ueh

ihimeyjgh bkihevah\Zgb_ lZd gZau\Z_fh]h gmev�fh^_fgh]h dZ[_ey ^ey wlbo p_e_c � \

gZklhys__ \j_fy bkihevamxlky ki_pbZevgu_ 86 � mkljhckl\Z��\uihegyxsb_ l_ `_ nmgdpbb�

K_lb )LUH:LUH � g_dhlhju_ HK �lZdb_ gZijbf_j dZd /LQX[ � iha\heyxl hj]Zgbah\Zlv jZ[hlm

ehdZevghc k_lb 7&3�,� ijb ihfhsb kh_^bg_gbc )LUH:LUH�



Jbkmghd �Jb^_j kfZjldZjl $&5�� � k bgl_jn_ckhf 86%�

Mkljhckl\Z ql_gby�aZibkb kfZjldZjl � \ ihke_^g__ \j_fy ihemqZxl jZkijhkljZg_gb_

qbih\u_ dZjlu b mkljhckl\Z ql_gby�aZibkb lZdbo dZjl �jb^_ju� � Fgh]b_ ijhba\h^bl_eb

\uimkdZxl \_jkbb k\hbo mkljhckl\ ij_^gZagZq_ggu_ ^ey bkihevah\Zgby ihke_^h\Zl_evgh]h

ihjlZ 56 ����� Z lZd `_ 86%��� � Ijbf_jZfb lZdbo jb^_jh\ fh]ml kem`blv $&5��8

ijhba\h^kl\Z �$GYDQFH � &DU � 6\VWHPV� � *&5����ijhba\h^kl\Z *HPSOXV� � jy^ mkljhckl\

ijhba\h^kl\Z 6FKXPEHUJHU � jb^_ju 7RZLW 	�
�	 �jZkijhkljZgy_fu_ \ Jhkbb ih^ fZjdhc

JmkDZj^ 
 �

We_dljhggu_ dexqb $ODGGLQ � gZ kf_gm agZdhfuf ihevah\Zl_eyf �K [mo]Z]Zel_jbb

ijboh^yl fbgbZlxjgu_ dexqb H7RNHQ � ih^kh_^bgy_fu_ q_j_a 86%��� � Dexqb H7RNHQ

nZdlbq_kdb khq_lZxl \ k_[_ kfZjldZjlm \f_kl_ jb^_jhf�

Jbkmghd �$ODGGL � H7RNHQ�

 Kms_kl\mxl lZd `_ kfZjdZjlu � dhlhju_ fh]ml ijb ihfhsb ijbfblb\gh]h

i_j_oh^gbdZ ih^dexqZlvky g_ihkj_^kl\_ggh d rbg_ 86% � \ qZklghklb qbih\Zy dZjlZ

H*DW � ijhba\h^kl\Z 6FKOXPEHUJHU � < wlhf kemqZ_ kqblu\Zl_ev ij_^klZ\ey_l ba k_[y ijhklh

^_j`Zl_ev b dheh^dm k jZa\h^dhc ijh\h^h\ hl dhglZdlh\ kfZjdZjlu d dhglZdlZf

klZg^Zjlgh]h jZat_fZ 86 � lbiZ ³\bedZ´�



Hl^_evguf deZkkhf mkljhckl\ y\eyxlky +8%�u � wlb mkljhckl\Z kem`Zl g_ lhevdh

jZa\_l\bl_eyfb ^ey m\_ebq_gby dhebq_kl\Z h^gh\j_f_ggh ih^dexq_gguo mkljhckl\ � gh b

fh]ml lZd `_ h[_ki_qb\Zlv ^hihegbl_evgu_ bklhqgbdb iblZgby ^ey wlbo mkljhckl\�

Hq_\b^gh wlbf g_ bkq_jiu\Z_lky \k_ kms_kl\mxs__ gZ k_]h^gyrgbc ^_v fgh]hh[jZab_

mkljhckl\��gh fu gZ^__fky qlh ijb\_^_gguc kibkhd ijbf_jh\ ^hklZlhq_g qlh[u ij_^klZ\blv

djm] \hafh`guo ijbf_g_gbc 86
�

b )LUH:LUH�

< gZklhys__ \j_fy [hevrbgkl\h fZl_jbgkdbo ieZl 3 � bf_xl \kljh_gguc

dhgljhee_j 86% � gh g_ bf_xl lZdh\h]h ^ey )LUH:LUH � ihwlhfm ^ey )LUH:LU � dZd ijZ\beh

ijboh^blky bkihevah\Zlv ^hihegbl_evguc Z^Zilhj � ih^dexqZ_fuc d rbg_ 3&, � ?keb

lj_[m_lky bkihevah\Zlv )LUH:LU � k ghl[mdhf � lh ijZ\bevg__ \u[jZlv fh^_ev ghl[mdZ�

bf_xsmx \kljh_gguc ihjl ,(((���� � Hq_gv fgh]b_ kh\j_f_ggu_ ghl[mdb bf_xl lZdb_

ihjlu � Djhf_ lh]h qlh ghkbfu_ dhfivxl_ju dZd ijZ\beh bf_xl g_ hq_gv fgh]h

\hafh`ghkl_c ^ey ih^dexq_gby ieZl jZkrbj_gby � bo \g_rgyy rbgZ 3&0& � fh`_l hdZaZlvky

g_^hklZlhqgh [ukljhc ^ey lh]h��qlh[u bkihevah\Zlv kdhjhklv )LUH:LUH�

Jbkmghd �)LUH:LU � Z^Zilhj ^ey rbgu 3& � ijhba\h^kl\Z 0D[WRU�



Jbkmghd �:^Zilhj FireWire ^ey rbgu PCMCI ijhba\h^kl\Z Synchrotech)





Ijh\h^Z b jZat_fu

Mkljhckl\Z 86 � b )LUH:LU � ij_^gZagZq_gu \ qZklghklb ^ey lh]h � qlh[u ijb g_h[oh^bfhklb

bo fh`gh [ueh [ukljh b ijhklh ih^dexqZlv b hldexqZlv ^jm] hl ^jm]Z b hl dhfivxl_jZ�

Ijb wlhf ^he`_g h[_ki_qb\Zlvky ohjhrbc we_dljbq_kdbc dhglZdl b mklhcqb\hklv d baghkm

hl qZklh]h bkihevah\Zgby jZat_fh\ � Ijh\h^Z � kh_^bgyxsb_ mkljhckl\Z fh]ml [ulv

^hklZlhqgh ^ebggufb b gZoh^blvky \ h[eZklb \hafh`guo we_dljhfZ]gblguo ihf_o hl

jZaebqguo bklhqgbdh\��Ihwlhfm l_ b ^jm]b_ kdhgkljmbjh\Zgu k mq_lhf wlbo lj_[h\Zgbc�

DZ[_eb b jZat_fu 86%�

JZat_fu lbiZ ³$ � ^he`gu [ulv gZijZ\e_gu hl 86 � mkljhckl\Z d ohklm

�dhfivxl_jm� � Dhgkljmdlb\gh \bedb b ]g_a^Z jha_lhd bf_xl ihi_j_qgu_ jZaf_ju ��� gZ ���

fbeebf_ljh\ b fh]ml kh_^bgylky ^jm] k ^jm]hf _^bgkl\_gguf ijZ\bevguf kihkh[hf � Lh

_klv g_ijZ\bevgh \klZ\blv \bedm \ jha_ldm g_\hafh`gh � Ijb kh_^bg_gbb \bedZ aZoh^bl \

jha_ldm gZ ]em[bgm ijbf_jgh � fbeebf_ljh\ � Jha_ldb ih^h[gh]h lbiZ fu fh`_f gZclb k

h[jZlghc klhjhgu fgh]bo kh\j_f_gguo dhfivxl_jh\ � Ijbf_jZfb \behd lbiZ ³: � fh]ml

kem`blv \bedb � dhlhjufb kgZ[`_gu 86 � deZ\bZlmju b furb � < kemqZ_ deZ\bZlmj � fur_c�

ikkkb\guo +8%�h\ g_ �g_ bf_xsbo kh[kl\_ggh]h bklhqgbdZ iblZgby� � ijhlb\hiheh`guc hl

\bedb dhg_p ijh\h^Z moh^bl \gmljv kZfh]h mkljhckl\Z b g_ fh`_l [ulv hlkh_^bg_g�

GZ 86 � jZat_fu beb \ g_ihkj_^kl\_gghc [ebab hl gbo dZd ijZ\beh gZghkblky

kbf\hebdZ 86%��hij_^_e_ggZy khhl\_lk\mxs_c ki_pbnbdZpb_c�

Jbkmghd �Kbf\hebdZ 86%�

Wlm kbf\hebdm fh`gh \b^_lv gZg_k_gghc gZ [hdh\mx ih\_joghklv [hevrbgkl\Z \behd�

G_dhlhju_ mkljhckl\Z �lZdb_ dZd kdZg_ju � ijbgl_ju � Zdlb\gu_ +8%�u 	 bf_xl

hlkh_^bgyxsbcky 86 � dZ[_ev � JZat_f dhlhjuc kh_^bgy_l hlkh_^bgyxsbcky hl mkljhckl\Z

dhg_p dZ[_ey ^ey m^h[kl\Z \uiheg_g g_kh\f_klbfuf k jZat_fZfb lbiZ ³$ � b ghkbl gZa\Zgb_



jZat_fZ lbiZ ³%´ � ?]h ihi_j_qgu_ jZaf_ju ijbf_jgh ��
�

gZ �� � fbeebf_ljh\ � AZ kq_l

kdhr_gguo m]eh\ gZ h^ghc klhjhg_ wlhl jZat_f lZd `_ g_ fh`_l [ulv \klZ\e_g g_ijZ\bevgh�

Kms_kl\m_l _s_ h^bg \ZjbZgl 0LQ � 86 � jZa_fZ lbiZ ³% � k jZaf_jZfb hdheh � gZ

�� � fbeebf_ljh\ �dhlhjuc lZd `_ fh`gh kh_^bgblv lhevdh ijZ\bevguf kihkh[hf� 	 >Zgguc

lbi jZat_fh\ ij_^gZagZq_g ^ey ih^kh_^bg_gbx d dhfivxl_jm fbgbZlxjguo mkljhckl\ lbiZ

pbnjh\uo nhlhZiiZjZlh\ 
 fh[bevguo l_e_nhgh\ 
 dhfivxl_jh\ gZeh^hggbdh\ 	 LZdbf

h[jZahf gZ h[hbo dhgpZo lZdbo dZ[_e_c gZoh^ylky \bedb jZaguo lbih\ ³$ � b ³%´

khhl\_lkl\_ggh 	 Klhbl h[jZlblv \gbfZgb_ qlh dZ[_ev g_ \k_]^Z \oh^bl \ dhfie_dl ihklZ\db

ih^h[guo mkljhckl\�

< hlghr_gbb gZeh^hggbdh\ fh`_l _kl_kl\_gguf h[jZahf \hagbdgmlv `_eZgb_

g_ ih^dexqblv d 3& 
 Z gZh[hjhl ih^dexqblv d gZeh^hggbdm ^jm]b_ 86 � mkljhckl\Z 	 <

[hevrbgkl\_ kemqZ_\ 
 wlh g_\hafh`gh lZd dZd k lhqdb aj_gby rbgu 86 � gZeh^hggbd kZf

y\ey_lky lhevdh ebrv mkljhckl\hf gh g_ ohklhf 	 Ihwlhfm ^ey lZdh]h ih^dexq_gby

ihgZ^h[blky gZeh^hggbd��dhlhjuc ih^h[gh 3 � bf__l jha_ldm lbiZ ³$´�

DZ[_eb ^ey 86 � mkljhckl\ \h ba[_`Zgbb we_dljhfZ]gblguo ihf_o dZd ijZ\beh

y\eyxlky wdjZgbjh\Zggufb 	 Bkihevah\Zgb_ g_wdjZgbjh\Zgguo ijh\h^h\ ^himkdZ_lky

klZg^Zjlhf lhevdh ^ey gbadhkdhjhklguo mkljhckl\ ����0ELW�VHF� 	 Ihwlhfm \h ba[_`Zgbb

ijh[e_f kh klZ[bevghklvx jZ[hlu ^ey [ukljuo mkljhckl\ ���0ELW�V ��� b [he__ � gZklhyl_evgh

j_dhf_g^m_lky bkihevah\Zlv wdjZgbjh\Zggu_ dZ[_eb 	 D kZfbf dZ[_eyf klZg^Zjl lZd `_

ij_^ty\ey_l jy^ lj_[h\Zgbc lZdbo dZd \j_fy \ghkbfhc aZ^_j`db kb]gZeZ �^ey dZ[_ey \

p_ehf hgh g_ ^he`gh ij_\urZlv ��� gZghk_dmg^ kh]eZkgh ki_pbnbdZpbb 86%�����

fZdkbfZevgmx \_ebqbgm hkeZ[e_gby kb]gZeZ �ih]hggh_ khijhlb\e_gb_ ihjy^dZ ^_kyluo

^he_c HF gZ f_lj� 
 qZklhlgmx aZ\bkbfhklv hkeZ[e_gby kb]gZeZ �^ey 86%�� � bkihevamxlky

qZklhlu \ ^bZiZahg_ dZd fbgbfmf ��� f_]Z]_jp� 	 <k_ wlb pbnju ijb\h^ylky \ wlhc ]eZ\_ ^ey

lh]h 
 qlh[u qblZl_ev fh]h khklZ\blv h[s__ \i_qZle_gb_ h[ we_dljbq_kdbo oZjZdl_jbklbdZo

kb]gZeh\ rbgu 86% 	 AZ lhqghc bgnhjfZpb_c ke_^m_l h[jZsZlvky gZijbf_j d ]eZ\_ �

ki_pbnbdZpbb 86%���

DZ[_eb kh^_j`Zl � ijh\h^Z 
 ^\Z ba dhlhjuo ij_^gZagZq_gu ^ey ih^Zqb ih rbg_

iblZxs_]h gZijy`_gby hl h^gh]h mkljhckl\Z d ^jm]hfm 
 ^\Z `_ ^jm]bo ij_^gZagZq_gu ^ey

i_j_^Zqb bgnhjfZpbhgguo kb]gZeh\ \ h[_ klhjhgu 	 Ijb wlhf ^ey mf_gvr_gby \ebygby

ihf_o bkihevam_lky ^bnn_j_gpbZevgZy ko_fZ i_j_^Zqb kb]gZeh\�

Ijh\h^Z 
 hl\_qZxsb_ aZ i_j_^Zqm kb]gZeh\ 
 h[uqgh \uiheg_gu \ \b^_

wdjZgbjh\Zgghc \blhc iZju b bf_xl p\_lZ a_e_guc ��'DWD � b [_euc ��'DWD� � IblZxs__

gZijy`_gb_ ih^Z_lky ih djZkghfm ijh\h^m��a_fey bf__l q_jguc p\_l�

Jbkmghd �dhgg_dlhju 86%�



Jbkmghd �dZ[_eb 86%�



DZ[_eb b jZat_fu )LUH:LUH�

< hlebqb_ hl 86 � jZat_fu b dZ[_eb )LUH:LU � fh]ml dZd bf_lv ijh\h^Z ^ey i_j_^Zqb

iblZxs_]h gZijy`_gby ih rbg_ lZd b g_ bf_lv bo � < kemqZ_ _keb ijh\h^Z ^ey i_j_^Zqb

iblZgby bf_xlky bo h[s__ dhebq_kl\h khklZ\ey_l � �Z g_ � dZd ^ey 86%� � :gZeh]bqgh � ^\Z

ijh\h^Z ij_^gZagZq_gu ^ey i_j_^Zqb iblZxs_]h gZijy`_gby b q_luj_ ijh\h^Z

ij_^gZagZq_gu ^ey i_j_^Zqb kb]gZeh\ � R_klbijh\h^gu_ jZat_fu bf_xl jZaf_ju ijbf_jgh

�� � gZ ��� fbeebf_ljh\��q_luj_oijh\h^gu_ ijbf_jgh �� � gZ �� � fbeebf_ljh\ �

Jbkmghd � � b � dhglZdlgu_ jZav_fu )LUH:LUH�



 Q_luj_ kb]gZevguo ijh\h^Z h[t_^bg_gu ih ^\Z b ghkyl gZa\Zgby 73 � b 73%

�7ZLVWH ��� DL ��� b � khhl\_lkl\_ggh� � Ijb i_j_^Zq_ mkljhckl\Z bkihevamxl 73 � ^ey i_j_^Zqb

^bnn_j_gpbZevgh]h kljh[Z � Z 73 � ^ey i_j_^Zqb ^bnn_j_gpbZevgh]h kb]gZeZ kb]gZeZ � Ijb

ijb_f_ kb]gZeZ 	 \k_ gZh[hjhl � Kb]gZevgu_ ijh\h^Z lZd `_ dZd b \ kemqZ_ 86 � \uiheg_gu \

\b^_ wdjZgbjh\Zgghc \blhc iZju�

DZ[_eb bf_xl gZ h[hbo dhgpZo jZat_fu lbiZ ³\bedZ´ � Z mkljhckl\Z jZat_fu

lbiZ ³jha_ldZ´ � Ijb wlhf ^ey kh_^bg_gby mkljhckl\ bf_xsbo jha_ldb k jZaguf qbkehf

ijh\h^h\ � 
 b � � bkihevamxlky dZ[_eb k khhl\_lkl\mxsbfb \bedZfb � ijb wlhf � ijh\h^Z

hl\_qZxsbo aZ ih^Zqm iblZgby gZ h^ghf dhgp_ dZ[_ey hklZxlky g_aZ^_ckl\h\Zggufb gZ

^jm]hf � < gmljb dZ[_ey 73 � b 73 � f_gyxlky f_klZfb b ijboh^yl khhl\_lkl\_ggh gZ ^jm]mx

iZjm jZat_fh\ \bedb gZ ijhlb\hiheh`ghf dhgp_ � P\_lZ ijh\h^h\ ke_^mxsb_ 
 a_fey ±

q_jguc � iblZxs__ gZijy`_gb_ 	 [_euc � 73 ��	 hjZg`_\uc b ]hem[hc � 73 ��	 djZkguc b

a_e_guc � JZat_fu mkljh_gu lZd � qlh ijb ih^kh_^bg_gbb bo ^jm] d ^jm]m dhglZdlu ijh\h^h\�

hl\_qZxsbo aZ iblZgb_ kh_^bgyxlky jZgvr_ q_f dhglZdlu ijh\h^Z � hl\_qZxsbo aZ

i_j_^Zqm kb]gZeh\�

LZd `_ dZd b \ kemqZ_ k 86 � \klZ\blv ih hrb[d_ \bedm \ jha_ldm ^jm]hc

klhjhghc g_\hafh`gh�



Jbkmghd �dZ[_ev )LUH:LU � k ^\mfy
�

dhglZdlgufb jZat_fZfb�

Jbkmghd �dZ[_ev )LUH:LU � k i_j_oh^hf k
�

dhglZdlgh]h jZat_fZ gZ � dhglZdlguc�
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Fh^_ev i_j_^Zqb ^Zgguo

Hkgh\gu_ kihkh[u i_j_^Zqb ^Zgguo (Zkbgojhgguc b bahojhgguc)

< aZ\bkbfhklb hl dhgdj_lgh]h ijbeh`_gby ^ey i_j_^Zqb ^Zgguo ijb ihfhsb

ihke_^h\Zl_evguo rbg 86
�

b )LUH:LU � bkihevamxlky jZaebqgu_ j_`bfu i_j_^Zqb ^Zgguo�

<hkgh\ghf fh`gh \u^_eblv ^\Z j_`bfZ Zkbgojhgguc b bahojhgguc �khhl\_lkl\mxsb_

Zg]ehyauqgu_ l_jfbgu asynchronous b isochronous).
I_j\uc j_`bf bkihevam_lky dh]^Z g_h[oh^bfZ ]ZjZglbjh\ZggZy ^hklZ\dZ

^Zgguo f_`^m ^\mfy mkljhckl\Zfb �j_qv b^_l h kblmZpbyo dh]^Z h^gh mkljhckl\h g_

h[yaZl_evgh y\ey_lky dhfivxl_jhf kf � � � Ih^ ]ZjZglbjh\Zgghc ^hklZ\dhc ihgbfZ_lky lh

h[klhyl_evkl\h qlh \ kemqZ_ \hagbdgh\_gby dZdbo�eb[h hrb[hd �djhf_ kemqZ_\ dh]^Z rbgZ

h[gZjm`beZ qlh h^gh ba mkljhckl\ [ueh nbabq_kdb hldexq_gh \ ijhp_kk_ i_j_^Zqb� ijb

i_j_^Zq_ ^Zgguo ijhbkoh^bl ihiuldZ ih\lhjghc i_j_^Zqb ^Zgguo ^h l_o ihj ihdZ ^Zggu_

g_ [m^ml i_j_^Zgu mki_rgh eb[h ihdZ g_ [m^_l bkq_jiZg ebfbl dhebq_kl\Z ih\lhjguo

i_j_^Zq � :kbgojhgguc j_`bf fh`_l gZijbf_j bkihevah\Zlvky ^ey i_j_^Zqb ^Zgguo f_`^m

dhfivxl_jhf b \g_rgbf gZdhibl_e_f ^Zgguo �&'5�&'5:�&RPSDF � )ODV � 'LV � b�l�^���

Ihgylgh qlh \h \k_o kemqZyo k ^bkdZfb gZ i_j\hf f_kl_ klhbl khojZg_gb_ p_ehklghklb

^Zgguo b lhevdh ebrv \h \lhjmx hq_j_^v \Z`gh ihklhygkl\h kdhjhklb bo i_j_^Zqb � DZd

\b^gh ba ^Zggh]h \ur_ hibkZgby kbgojhggh]h j_`bfZ i_j_^Zqb \ ijhp_kk_ i_j_^Zqb fh]ml

bf_lv f_klh aZ^_j`db k\yaZggu_ k ih\lhjghc ihkuedhc iZd_lh\ ^Zgguo 	 Ke_^m_l lZd `_

ijbgylv \h \gbfZgb_ dhgdmj_gpbx jZaguo mkljhckl\ aZ dZgZe i_j_^Zqb ^Zgguo ih rbg_ 
 \

kbem wlbo h[klhyl_evkl\ d Zkbgojhgghc i_j_^Zq_ �dZd wlh b ke_^m_l ba __ gZa\Zgby� g_

ij_^ty\ey_lky lj_[h\Zgbc ih \_ebqbg_ \j_f_gghc aZ^_j`db i_j_^Zqb ^Zgguo f_`^m

bklhqgbdhf b ijb_fgbdhf�

Kh\_jr_ggh bgZy kblmZpby bf__l f_klh ijb bahojhgghf lbi_ i_j_^Zq_ � \ wlhf

kemqZ_ \h ]eZ\m m]eZ klZ\blky bf_ggh ^hklb`_gb_ nbdkbjh\Zgghc \_ebqbgu aZ^_j`db

kb]gZeZ 
 Ihwlhfm h[_ rbgu j_Zebah\Zgu lZd qlh \ kemqZ_ hrb[hd ijb bahojhgghc i_j_^Zq_

ih\lhjghc ihiuldb i_j_^Zqb gZ mjh\g_ ZiiZjZlgh]h h[_ki_q_gby kZfhc rbgu g_

ijhbkoh^bl 
 LZdhc ih^oh^ iha\hey_l ^hklbqv fbgbfZevgh]h \j_f_gb aZ^_j`db \ l_o kemqZyo

dh]^Z p_ehklghklv i_j_^Z\Z_fuo ^Zgguo g_ bf__l hkh[h]h agZq_gby �dZd gZijbf_j wlh

bgh]^Z [u\Z_l ijb i_j_^Zq_ l_e_\babhggh]h bah[jZ`_gby � jZamf__lky j_qv b^_l h kblmZpbyo

dh]^Z \_jhylghklv \hagbdgh\_gby hrb[hd g_ \ukhdZ � Z gZijbf_j kZfh bah[jZ`_gb_ g_

hlebqZ_lky \ukhdbf dZq_kl\hf� ijb wlhf \ kemqZ_ g_h[oh^bfhklb dhjj_dpbb hrb[hd wlh

fh`_l [ulv ^hklb]gmlh gZ [he__ \ukhdbo mjh\gyo ijhlhdheZ i_j_^Zqb q_f kZfZ ZiiZjZlgZy

j_ZebaZpby rbgu � < ihke_^g_f kemqZ_ dhjj_dpb_c hrb[hd fh`_l aZgbfZlvky IH mjh\gy

kbkl_fguo ^jZc\_jh\ beb ijbdeZ^gh]h mjh\gy gZklhevgh]h dhfivxl_jZ beb \kljh_ggh]h

dhfivxl_jZ ijb[hjZ mqZkl\mxs_]h \ i_j_^Zq_ ^Zgguo ih rbg_ � Dhjj_dpby fh`_l

ZgZeh]bqgh ijhbkoh^blv ijb ihfhsb ih\lhjghc i_j_^Zqb ^Zgguo h^gbf ba mkljhckl\ \k_

q_j_a lhl `_ bkihevam_fuc bf eh]bq_kdbc bahojhgguc dZgZe i_j_^Zqb ^Zgguo \gmljb

rbgu � JZamf__lky lZdZy dhjj_dpby lj_[m_l h[jZlghc k\yab \ j_Zevghf \j_f_gb hl

mkljhckl\Z � y\eyxs_]hky ijb_fgbdhf bgnhjfZpbb � JZamf__lky \ kemqZ_ dhjj_dpbb aZ kq_l

ih\lhjghc i_j_^Zqb \hajZklZ_l \hafh`gZy aZ^_j`dZ \j_f_gb ijboh^Z ^Zgguo hl h^gh]h

mkljhckl\Z d ^jm]hfm � >ey h[_ki_q_gby h[jZlghc k\yab fh`_l gZijbf_j bkihevah\Zlvky _s_

h^bg bahojhgguc dZgZe ^Zgguo gZijZ\e_gguc \ h[jZlgmx klhjhgm beb _s_ h^gZ

jZagh\b^ghklv i_j_^Zqb ^Zgguo gZau\Z_fZy \ Zg]ehyauqghc ebl_jZlmj_ LQWHUUXS ��� UDQVIH� beb

lh `_ i_j_^ZqZ ih ij_ju\Zgbx � I_j_^ZqZ ih ij_ju\Zgbx \ iheghc f_j_ hlghkblky d rbg_

86 � �\ i_j\hgZqZevghf \ZjbZgl_ klZg^ZjlZ ,(((����� ������� ^ey rbgu )LUH:LU � ZgZeh]bqgh_

ihgylb_ hlkmlkl\m_l� b oZjZdl_jbam_lky l_f qlh \ l_q_gbb g_dhlhjh]h i_jbh^bq_kdb



aZ^Zggh]h bgl_j\ZeZ \j_f_gb ]ZjZglbjm_lky qlh h^gh mkljhckl\h fh`_l ihkeZlv ^jm]hfm

iZd_l ^Zgguo h]jZgbq_gghc ^ebgu Z ^jm]h_ mkljhckl\h ]ZjZglbjh\Zggh _]h ijbf_l \ lhl `_

bgl_j\Ze \j_f_gb � Ihwlhfm i_j_^ZqZ ih ij_ju\Zgbx ohjhrh ih^oh^bl bf_ggh ^ey ihkuedb

kb]gZey h[jZlghc k\yab h hlkmlkl\bb beb gZebqbb hrb[hd ijb bahojhgghc i_j_^Zq_ ^Zgguo�

?s_ h^gbf ijbf_g_gb_f i_j_^Zqb ih ij_ju\Zgbx fh`_l [ulv i_jbh^bq_kdh_ m\_^hfe_gb_

h^gh]h mkljhckl\Z h khklhygbb ^jm]h]h � gZijbf_j m\_^hfe_gby dhfivxl_jZ h[ hdhgqZgbb

ijbgl_jhf i_qZlb hq_j_^ghc ihjpbb ^Zgguo beb ZgZeh]bqgh m\_^hfe_gb_ fh^_fhf h

gZebqbb \oh^ys_]h a\hgdZ�

I_j_^ZqZ ih ij_ju\Zgbx \ hlebqb_ hl bahojhgghc i_j_^Zqb ih rbg_ 86%

\f_kl_ k l_f h[_ki_qb\Z_l ih\lhjgmx i_j_^Zqm ^Zgguo gZ mjh\g_ kZfhc rbgu � ijb lhf qlh

hgZ gZke_^m_l hl kZfhc bahojhgghc i_j_^Zqb kihkh[ghklv i_j_^Z\Zlv ^Zggu_ k

]ZjZglbjh\Zgghc fZdkbfZevghc aZ^_j`dhc � I_j_^ZqZ ih ij_ju\Zgbx ij_^gZagZq_gZ ^ey

i_j_^Zqb iZd_lh\ hl mkljhckl\Z d dhfivxl_jm � H^gZdh k lhqdb aj_gby ijh]jZffgh]h

mijZ\e_gby ihlhdhf ^Zgguo hgZ ]hjZa^h [eb`_ d Zkbgojhgghc i_j_^Zq_ q_f d bahojhgghc�

ihwlhfm g_m^b\bl_evgh qlh \ ijh]jZffZo ^ey ihemq_gby dhfivxl_jhf ^Zgguo q_j_a

Zkbgojhgguc dZgZe b q_j_a dZgZe i_j_^Zqb ^Zgguo ih ij_ju\Zgbx bkihevamxlky h^gb b l_

`_ nmgdpbb aZ l_f ebrv bkdexq_gb_f qlh \ gbo i_j_^Zxlky jZagu_ b^_glbnbdZlhju

dZgZeh\�

H[_ hibku\Z_fuo a^_kv ihke_^h\Zl_evguo rbgu �86
�

b )LUH:LUH � ^ey

j_ZebaZpbb hibkZggh]h \ur_ ]b[dh]h mijZ\e_gby ihlhdZfb ^Zgguo ijb gZebqbb fgh`_kl\Z

h^gh\j_f_ggh ih^dexq_gguo mkljhckl\ bkihevamxl lZd gZau\Z_fmx i_j_^Zqm ^Zgguo ijb

ihfhsb lZcf�kehlh\ � khklhysmx \ lhf qlh \ l_q_gbb i_jbh^bq_kdb ih\lhjyxs_]hky

bgl_j\ZeZ \j_f_gb �dhlhjh_ nZdlbq_kdb b hij_^_ey_l ^hklb`bfu_ kZfu_ dhjhldb_

fZdkbfZevgu_ aZ^_j`db� mkljhckl\Z ih^dexq_ggu_ d rbg_ ihemqZxl \hafh`ghklv i_j_^Zqb

iZd_lh\ ^Zgguo q_j_a bkihevam_fu_ bfb eh]bq_kdb_ dZgZeu � B a^_kv klZgh\blky \Z`guf

ihgylby Zj[bljZ`Z gZ rbg_ � hij_^_eyxs_]h ihjy^hd ³kijZ\_^eb\h]h� jZkij_^_e_gby

\j_f_gb f_`^m mkljhckl\Zfb b khhl\_lkl\_ggh eh]bq_kdbfb dZgZeZfb \ l_q_gbb dZ`^h]h

lZcf�kehlZ � >ey rbg 86 � b )LUH:LU 	 \ kbem ³]_g_abkZ bo ijhbkoh`^_gby� wlhl ijhp_kk

ijhbkoh^bl kms_kl\_ggh ih jZaghfm �[he__ ih^jh[gh_ hibkZgb_ ijb\h^blky \ ke_^mxsbo

jZa^_eZo� � ?s_ h^gbf kms_kl\_gguf hlebqb_f )LUH:LU 	 y\ey_lky gZebqb_ EURDGFDVW�j_`bfZ

bahojhgghc i_j_^Zqb ^Zgguo 
 dh]^Z g_kdhevdh mkljhckl\ fh]ml h^gh\j_f_ggh ihemqZlv

bahojhggu_ ^Zggu_ 
 i_j_^Z\Z_fu_ h^gbf mkljhckl\hf � LZdhc j_`bf 
 \ qZklghklb \Z`_g�

gZijbf_j dh]^Z g_h[oh^bfh hj]Zgbah\Zlv h^gh\j_f_ggmx aZibkv h^gbf mkljhckl\hf b

\hkijhba\_^_gb_ ^jm]bf \b^_hbah[jZ`_gby 
 i_j_^Z\Z_fh]h \ j_Zevghf \j_f_gb pbnjh\hc

\b^_hdZf_jhc

Kms_kl\_gguf y\ey_lky hlf_lblv lhl nZdl qlh \ kbem nbabq_kdbo h]jZgbq_gbc

ijhimkdghc kihkh[ghklb rbgu hq_\b^gh g_ \kydbc gZ[hj h^gh\j_f_ggh kms_kl\mxsbo

eh]bq_dbo dZgZeh\ i_j_^Zqb fh`_l kms_kl\h\Zlv \gmljb g__ � ?keb dZdh_�eb[h ba mkljhckl\

ihlj_[m_l ^ey bahojhggh]h ihehku ijhimkdZgby �dhlhjZy bkqbkey_lky \ ^he_ \j_f_gb hl

lZcf�kehlZ bkihevam_fh]h g_dbf eh]bq_kdbf dZgZehf 
 k\yaZgguf k wlbf mkljhckl\hf� qlh

kmffZjgZy bkihevam_fZy \k_fb mkljhckl\Zfb b bo bahojhggufb dZgZeZfb ihehkZ ij_\ukbl

agZq_gb_ hl\_^_ggh_ gZ rbg_ ^ey bahojhgghc i_j_^Zqb 
 lZdh_ mkljhckl\h ijhklh g_ kfh`_l

__ ihemqblv b ijhklh hklZg_lky g_ kdhgnb]mjbjh\Zgguf � Bkihevah\Zgb_ wlh]h mkljhckl\Z

�beb ih djZcg_c f_j_ _]h bahojhggh]h dZgZeZ� [m^_l g_\hafh`gh ^h l_o ihj ihdZ ^jm]b_

mkljhckl\Z g_ hk\h[h^yl ^hklZlhqgmx ihehkm ^ey lh]h 
 qlh[u rbgZ �kh\f_klgh k IH � fh]eZ

wlh mkljhckl\h kdhgnb]mjbjh\Zlv � LZdh_ ih\_^_gb_ rbgu y\ey_lky qZklvx j_ZebaZpbb

f_oZgbafZ ]ZjZglbjh\Zgguo \j_f_gguo aZ^_j`_d i_j_^Zqb ^Zgguo�

< ijhp_kk_ dhgnb]mjbjh\Zgby mkljhckl\ ih^dexq_gguo d rbg_ lZd `_

bkihevamxlky Zkbgojhggu_ dZgZeu i_j_^Zqb ^Zgguo � >ey )LUH:LU 
 b 86 � a^_kv kms_kl\mxl

kms_kl\_ggu_ hlebqby � < kemqZ_ 86 � \k_ \aZbfh^_ckl\by f_`^m mkljhckl\Zfb ijhbkoh^bl

ihkj_^kl\hf ihke_^h\Zl_evguo dZgZeh\ i_j_^Zqb ^Zgguo ^Zgguo 
 kh_^bgyxsbo ^\_

eh]bq_kdb_ _^bgbpu gZoh^ysb_ky \ ^\mo jZaguo mkljhckl\Zo 
 ih^kh_^bg_gguo d rbg_ 
 b

ghkysbo �\ khhl\_lkl\bb kh ki_pbnbdZpb_c 86% � gZa\Zgb_ endpoint � < hlebqb_ hl wlh]h 
 \



ki_pbnbdZpbb )LUH:LU � �,(((���� � ihgylb_ dZgZeZ bFihevam_lky lhevdh dh]^Z j_qv b^_l h[

bahojhgghc i_j_^Zq_ � \h \k_o hklZevguo kemqZyo \k_ ih^dexq_ggu_ d rbg_ mkljhckl\Z �ih�

\b^bfhfm g_kdhevdh [he__ ZjoZbqgh
�

ij_^klZ\eyxlky \ \b^_ \bjlmZevgh]h Z^j_kgh]h

ijhkljZgkl\Z \ jZaebqgu_ Z^j_kZ dhlhjh]h fh`_l ijhba\h^blvky aZibkv b ql_gb_�

Jbkmghd �DZgZeu HQGSRLQW�u 86%�

>ey mkljhckl\ � kh_^bg_gguo ijb ihfhsb 86% � dZgZeu � hl\_qZxsb_ aZ

dhgnb]mjbjh\Zgb_ mkljhckl\ eh]bq_kdb ih^dexq_gu d HQGSRLQW�Zf ghkysbf gZa\Zgb_ FRQWURO

HQGSRLQ � �mijZ\eyxsbc HQGSRLQW� � lZdb_ HQGSRLQW�u \ hlebqb_ hl h[uqguo Zkbgojhgguo b

bahojhgguo hkms_kl\eyxl ^\mgZijZ\e_ggmx i_j_^Zqm ^Zgguo f_`^m mkljhckl\hf b

dhfivxl_jhf � I_j_^ZqZ ^Zgguo \ lZdb_ HQGSRLQW�u \k_]^Z ijhbkoh^bl \ khhl\_kl\bb kh

ki_pbZevguf nhjfZlhf � hij_^_ey_fuf ki_pbnbdZpb_c 86% � DZ`^h_ mkljhckl\h bf__l

FRQWUR � HQGSRLQ � ih mfheqZgbx � dhlhjuc \k_]^Z bf__l ghf_j � �mgbdZevguc b^_glbnbdZlhj \

ij_^_eZo h^gh]h mkljhckl\Z��

FireWire ^ey dhgnb]mjbjh\Zgby mkljhckl\ bkihevam_l \ \bjlmZevghf Z^j_kghf

ijhkljZgkl\_ ^ey dZ`^h]h mkljhckl\Z &65�kljmdlmjm �&RQWUR � VWDW 	 UHJLVWHUV� 
 hij_^_ey_fmx

ki_pbnbdZpb_c ,62�,(&������ � < ijhp_kk_ dhgnb]mjbjh\Zgby ijhba\h^blky aZibkv \

j_]bklju � hij_^_e_ggu_ wlhc ki_pbnbdZpb_c � >ey dZ`^h]h ba mkljhckl\ \u^_e_gZ h]jhfgZy

h[eZklv iZfylb jZaf_jhf \ 
���� f_]Z[Zcl \ khklZ\_ dhljhc gZoh^blky _]h &65 � KlZg^Zjl

,((( ������� ^himkdZ_l h[t_^bg_gb_ g_kdhevdbo rbg )LUH:LU � \ h^gm � \ wlhf kemqZ_ qZklvx

Z^j_kZ \ \bjlmZevghf Z^j_kghf ijhkljZgkl\_ klZgh\blky _s_ ghf_j rbgu�

GZagZq_gby kihkh[h\ i_j_^Zqb ^Zgguo��mkljhckl\Z bo bkihevamxsb_

< kbem lh]h � qlh )LUH:LU � bagZqZevgh ijh_dlbjh\ZeZklv dZd rbgZ ^ey i_j_^Zqb

\b^_h b Zm^bhihlhdh\ f_`^m jZaebqgufb mkljhckl\Zfb g_aZ\bkbfh hl gZebqby dhfivxl_jZ�

\ gZklhys__ \j_fy dhebq_kl\h kms_kl\mxsbo mkljhckl\ bkihevamxsbo bahojhggmx

i_j_^Zqm ^Zgguo ih wlhc kms_kl\_ggh [hevr_ q_f dhebq_kl\h lZdh\uo ^ey 86% � D qbkem

lZdbo mkljhckl\ hlghkylky gZijbf_j \b^_hdZf_ju ijhba\h^kl\Z 6RQ � �g_dhlhju_ ba dhlhjuo

fu kh[bjZ_fky hibkZlv [he__ ih^jh[gh \ ke_^mxsbo ]eZ\Zo� � g_dhlhju_ mkljhckl\Z k[hjZ

^Zgguo gZijbf_j ijhba\h^kl\Z fhkdh\kdhc nbjfu A:H ³Bgkljmf_glZevgu_ kbkl_fu´�

Ihke_^gb_ fh]ml [ulv bgl_j_kgu ki_pbZebklZf \ h[eZklb ijhfure_gguo b gZmqguo

baf_j_gbc  Z lZd `_ kbkl_f k\yab ! K wlbfb mkljhckl\Zfb fh`gh hagZdhfblky gZ kZcl nbjfu

www.insys.ru.



BahojhggZy i_j_^ZqZ ih 86 � ^h kbo ihj kqblZ_lky ³g_ ljb\bZevguf ^_ehf � gZ

mjh\g_ IH � B ^h kbo ihj 86 � mkljhckl\Z g_ \k_]^Z bkihevamxl __ \ l_o kemqZyo dh]^Z wlh

[ueh [u eh]bqgh � Ijbf_jhf lhfm \ qZklghklb fh]ml kem`blv klhev jZkijhkljZg_ggu_ :(%�

dZf_ju /RJLWHF � 4XLFN&DP � Z lZd `_ g_dhlhju_ &'� ����� 5 	 ijhba\h^kl\Z 6RQ\ 
 L_ b ^jm]b_

bkihevamxl Zkbgojhgguc j_`bf i_j_^Zqb ^Zgguo 
 < kemqZ_ k :(% dZf_jZfb wlh \h[s_f�

lh hijZ\^Zggh_ mijhs_gb_ dhgkljmdpbb \ kbem lh]h � qlh :(%�dZf_ju dZd ijZ\beh jZ[hlZxl

\ mkeh\byo ^h\hevgh f_^e_gghc k\yab ih bgl_jg_l b j_qv h dZdhf�lh UHDOWLP � dZd ijZ\beh g_

b^_l 
 < kemqZ_ `_ k mkljhckl\Zfb aZibkb gZ hilbqbkdb_ ^bkdb ijb g_dhlhjuo

mqeh\byobkihevah\Zgb_ Zkbgojhgghc i_j_^Zqb fh`_l [ulv ijbqbghc lh]h � qlh mkljhckl\h

g_ mki__l \h\j_fy ihemqblv hl dhfivxl_jZ g_h[oh^bfuc h[t_f ^Zgguo b hilbq_kdbc

ghkbl_ev bgnhjfZpbb �lZd gZau\Z_fZy ³[he\ZgdZ´ � fh`_l [ulv [_a\ha\jZlgh bkijhq_g�

J_r_gb_f ijh[e_fu \ wlhf kemqZ_ fh`_l [ulv ijh]jZffgh_ i_j_dexq_gb_ mkljhckl\Z \

j_`bf dh]^Z ijhp_kk aZibkb [m^_l hkms_kl\eylvky gZ [he__ gbadhc kdhjhklb 
 Ih^h[gZy

g_ijbylgZy kblmZpby fh`_l \hagbdgmlv dZd \ kemqZ_ qj_af_jghc aZ]jm`_gghklb rbgu 86%

^jm]bfb mkljhckl\Zfb � lZd b \ kemqZ_ dh]^Z KRVW�dhgljhee_j 86 � dhfivxl_jZ y\ey_lky

g_^hklZlhqgh [ukljuf lZd dZd khhl\_lkl\m_l [he__ jZgg_c ki_pbnbdZpbb 86%�� � beb

USB1.1.
< kemqZ_ _keb [u mkljhckl\h bkihevah\Zeh bahojhggmx i_j_^Zqm� lh ih^h[gZy

kblmZpby g_ fh]eZ [u bf_lv f_klh \ kbem lh]h qlh rbgZ ijhklh g_ kfh]eZ [u

kdhgnb]mjbjh\Zlv mkljhckl\h ^ey ^ey jZ[hlu kh kdhjhklvx bahojhgghc i_j_^Zqb

g_h[oh^bfhc ^ey kebrdhf \ukhdbo kdhjhkl_c aZibkb gZ hilbq_dbc ^bkd � lZdbo qlh kdhjhklv

ih^dZqdb ih rbg_ [ueZ [u g_^hklZlhqghc 
 RbgZ Z\lhfZlbq_kdb [u h[gZjm`beZ g_o\Zldm

ihehku ijhimkdZgby ^ey i_j_^Zqb k \ukhdhc kdhjhklvx�

Iheh`_gb_ k bahojhgghc i_j_^Zq_c \_jhylgh baf_gblky dh]^Z [hevr__

jZkijhkljZg_gb_ ihemqbl kdhjhklgZy rbgZ 86%��� � < gZklhys__ \j_fy fgh]b_ \uimkdZ_fu_

dhfivxl_ju dhfie_dlmxlky KRVW�dhgljhee_jhf 86%��� � h^gZdh qbkeh mkljhckl\�

ih^^_j`b\Zxsbo jZ[hlm ih 86%�� � g_\_ebdh ih kjZ\g_gbx k qbkehf lZdh\uo ^ey 86%����





MijZ\e_gb_ rbghc

³P_gljZebah\Zggh_ � mijZ\e_gb_ rbghc 86%

Bklhjbx 86
�

ih\b^bfhfm fh`gh hlkqblu\Zlv hl ghy[jy ���� � dh]^Z [uey

kha^ZgZ \_jkby �� � ki_pbnbdZpbb � gh k_]h^gy rbjhdhfm djm]m ihlj_[bl_e_c agZdhfu

mkljhckl\Z kh\f_klbfu_ kh ki_pbnbdZpbyfb 86%�� � b 86%��� � i_j\Zy [ueZ ijbgylZ \

dZq_kl\_ ijhfure_ggh]h klZg^ZjlZ \ ���	��
 ]h^m�

RbgZ 86 � bagZqZevgh [ueZ hjb_glbjh\ZgZ gZ bkihevah\Zgb_ kh\f_klgh k

dhfivxl_jhf �hgZ b aZ^mfu\ZeZkv dZd aZf_gZ 6HULD 
 b /3 � ihjlZf� � Wlh hagZqZ_l qlh d rbg_

ih^dexq_g h^bg _^bgkl\_gguc dhfivxl_j � dhlhjuc hl\_qZ_l aZ \k_ ijhp_kku mijZ\e_gby

rbghc � Z \k_ mkljhckl\Z y\eyxlky ebrv ³iZkkb\gufb bkihegbl_eyfb _]h \heb´ � Ihwlhfm

ke_^m_l jZaebqZlv bgl_jn_cu 86 � ohklZ b 86 � mkljhckl\Z � Ihlhd mijZ\e_gby \k_]^Z

gZijZ\e_g hl dhfivxl_jZ d h^ghfm beb g_kdhevdbf mkljhckl\Zf � ih^kh_^bg_gguf d rbg_�

B ^Z`_ \ lhf kemqZ_ dh]^Z bkihevam_lky mkljhckl\h dhlhjh_ ydh[u kh_^bgy_l � dhfivxl_jZ

ih 86 � �ih^h[gh lhfm dZd wlh fh`gh k^_eZlv ijb ihfhsb ihke_^h\Zl_evguo ihjlh\ � gZ

kZfhf ^_e_ k lhqdb aj_gby dZ`^h]h dhfivxl_jZ bf__lky _^bgkl\_ggh_ 86 � mkljhckl\h \

dhlhjhf ³g_ba\_klgh hldm^Z � ihy\eyxlky ^Zggu_��gZoh^ysb_ky \ ^jm]hf dhfivxl_j_�

< aZ^Zqm p_gljZevgh]h maeZ 86 � rbgu �ohklZ� \oh^bl � hij_^_e_gb_ lhiheh]bb

^_j_\Z ih^dexq_gguo mkljhckl\ �\ \_jrbg_ ^_j_\Z \k_]^Z gZoh^blky ohkl� � jZkij_^_e_gb_

Z^j_kh\ f_`^m h[gZjm`_ggufb mkljhckl\Zfb � mijZ\e_gb_ jZkij_^_e_gb_ we_dljhwg_j]bb

�dhlhjZy fh`_l ih^Z\Zlvky d mkljhckl\Zf q_j_a rbgm� � Zj[bljZ` rbgu � \ujZ[hldZ lZcf�

kehlh\ b i_j_h^bq_dkbc hijhk mkljhckl\ � mijZ\e_gb_ j_kmjkhf ijhimkdghc kihkh[ghklb

rbgu �ihehku� b jZkij_^_e_gb_ __ f_`^m mkljhckl\Zfb b�l�^�

USB mkljhckl\Z fh]ml bf_lv kh[kl\_gguc bklhqgbdb iblZgby \g_ rbgu � \ wlhf

kemqZ_ kh]eZkgh imgdlm ���� � ki_pbnbdZpbb 86 � \_jkbb �� � �ijbgylhc \ gZqZe_ ���	��� ]h^Z�

lZdb_ mkljhckl\Z g_ ^he`gu iulZlvky i_j_^Zlv qZklv wg_j]bb \ rbgm ^ey iblZgby ^jm]bo

mkljhckl\��Wlh dZd jZa k\yaZgh k l_f � qlh mijZ\e_gb_ iblZgb_f 86 � kljh]h p_gljZebah\Zgh b

fh`_l h[_ki_qb\Zlv j_`bfu ihegh]h beb qZklbqgh]h \udexq_gby iblZgby hl^_evguo

\_l\_c ^_j_\Z 86 � mkljhckl\ � QZklbqgh_ bkdexq_gb_ khklZ\eyxl +8%�u � bf_xsb_

kh[kl\_gguc bklhqgbd iblZgby � hgb fh]ml ih^Z\Zlv iblZxs__ gZijy`_gb_ \gbo ih rbg_ \

klhjhgm ijhlb\hiheh`gmx hl ohklZ  L_f g_ f_g__ hgb lh`_ ^he`gu kljh]h ke_^h\Zlv

dhfZg^Zf��ihemqZ_fuf hl ohklZ b hl\_qZxsbf aZ mijZ\e_gb_ iblZgb_f�

Ihke_ \dexq_gby dhfivxl_jZ _]h ohkl�mkljhckl\h ihke_^h\Zl_evgh

h[gZjm`b\Z_l \k_ 86 ! mkljhckl\Z � khklZ\ey_l lhiheh]bq_kdmx ko_fm ^_j_\Z � khh[sZ_l

mkljhckl\Zf bo Z^j_kZ � b gZqbgZ_l \ l_q_gbb bgl_j\ZeZ \j_f_gb lZcf�kehlZ hijZrb\Zlv \k_

Zdlb\gu_ mkljhckl\Z�

OZjZdl_jgh lh " qlh [eZ]h^Zjy Zkbff_ljbqghklb jZat_fh\ 86 # dZ[_e_c�

ijZdlbq_kdb g_\hafh`gh ih^dexqblv mkljhckl\Z lZd " qlh gZjmrblky h^ghgZijZ\e_ggZy

kljmdlmjZ ^_j_\Z mkljhckl\ �imgdl �� $ ki_pbnbdZpbb 86%���� % ;eZ]h^Zjy lhfm & qlh +8%�u

^he`gu bf_lv g_hldexqZ_fuc dZ[_ev k dhgg_dlhjhf \bedZ lbiZ ³$ ' gZ dhgp_ ( g_\hafh`gh

kha^Zlv ³aZdhevph\Zggh_' ^_j_\h ) H^gZdh _keb gZc^_lky dhf[bgZpby mkljhckl\ �gZijbf_j k

bkihevah\Zgb_f mkljhckl\Z ^ey 86 * k\yab f_`^m ^\mfy dhfivxl_jZfb b +8%�Z + lh lZdh_

aZdhevph\u\Zgb_ hdZ`_lky \hafh`gh ) RbgZ 86 * g_ ijbkihkh[e_gZ ^ey jZ[hlu \ lZdbo

dhgnb]mjZpbyo��b _kl_kl\_ggh \hagbdgml ijh[e_fu \ __ jZ[hl_ ( \ijhq_f gZ ijZdlbd_ \jy^ eb

dhfm�eb[h ijb^_l \ ]heh\m kh[jZlv ih^h[gh_�

L_f g_ f_g__ koh^gZy ijh[e_fZ \iheg_ `bag_ggZ \ hlghr_gbb rbgu )LUH:LU , �\
kbem kbff_ljbqghklb jZat_fh\ gZ dZ[_eyo���b fu kh[bjZ_fky a^_kv __ jZkkfhlvj_lv�



³KZfhhj]Zgbamxs__ky � mijZ\e_gb_ rbghc )LUH:L
���

�,(((�����

< hlebqb_ hl 86% � rbgZ )LUH:LU � ijh_dlbjh\ZeZkv dZd rbgZ ^ey h[t_^bg_gby

ihl_gpbZevgh jZ\ghijZ\guo mkljhckl\ gb h^gh ba dhlhjuo bagZqZevgh g_ y\ey_lky

\u^de_gguf mkljhckl\hf � dhfivxl_jhf k [hevrbf dhebq_kl\hf iZfylb � \ukhdbf

[ukljh^_ckl\b_f kihkh[guf \aylv gZ k_[y \k_ nmgdpbb ih mijZ\e_gbx gbghc �ohly \

gZklhys__ \j_fy d )LUH:LU � fh`gh ih^dexqblv g_kdhevdh dhfivxl_jh\ h^gh\j_f_ggh��

RbgZ ^he`gZ [ueZ h[_ki_qb\Zlv \ukhdb_ kdhjhklb � ^hklZlhqgu_ ^ey i_j_^Zqb ih g_c Zm^bh

b \b^_h ihlhdh\ ^Zgguo 	 Bf_ggh wlb __ k\hckl\Z b klZeb ijbqbghc lh]h � qlh )LUH:LUH

ihemqbeZ klhev rbjhdh_ jZkijhkljZg_gb_ \ fbj_ ex[bl_evkdbo b ijhn_kkbhgZevguo

\b^_hdZf_j 6RQ\ 	 : kihkh[ghklv ljZgkebjh\Zlv bah[jZ`_gb_ gZ g_kdhevdh ijbgbfZxsbo

mkljhckl\ h^gh\j_f_ggh � g_ aZgbfZy ^ey dZ`^h]h ba gbo ^hihegbl_evghc ihehku

ijhimkdZgby k^_eZeb )LUH:LU � ihbklbg_ mgbdZevguf j_r_gb_ ^ey i_j_^Zq_ l_e_\babhgguo b

^jm]bo \b^_hkb]gZeh\ f_`^m mkljhckl\Zfb pbnjh\hc \b^_hklm^bb�

BagZqZevgh jZ[hlu ih khk^Zgbx )LUH:LU � \_ebkv \ gZqZe_

���
��

]h^h\ nbjfhc

$SSO � &RPSXWH� ,QF ��� h^gZdh ^jm]b_ ijhba\h^bl_eb lh`_ aZbgl_j_kh\Zebkv \hafh`ghklvx

ijbf_g_gby wlhc rbgu ^ey bo mkljhckl\ � < blh]_ [ue kha^Zg ki_pbZevguc dhfbl_l ih

)LUH:LU � b \

������

]h^m m\b^_eZ k\_l i_j\Zy \_jkby klZg^ZjlZ ,(((��������� � ;he__ iha^gb_

\_jkbb ,(((

������

h[jZlghkh\f_klbfu k wlhc \_jkb_c b ,(((�����

������

\ gZklhys__ \j_fy

bkihevam_lky \h fgh]bo mkljhckl\Zo )LUH:LUH

Ih\b^bfhfm \ qZklghklb ba aZ [he__ keh`ghc kljmdlmju �[_a \u^_e_ggh]h

p_gljZevgh]h dhfivxl_jZ� j_ZebaZpby )LUH:LU � hdZau\Z_lky [he__ ^hjh]hbc q_f 86% � >ey

[hevrbgkl\Z dhfivxl_jguo i_j_n_jbcguo mkljhckl\ k_j_^bgu�dhgpZ

������

]h^h\ [ueZ

oZjZdl_jgZ hlghkbl_evgh g_[hevrZy kdhjhklv i_j_^Zqb ^Zgguo � Dhebq_kl\h lZdbo

mkljhckl\ � h^gh\j_f_ggh ih^dexq_gguo d dhfivxl_jm lZd `_ [ueh g_\_ebdh�

Kms_kl\h\Z\rZy \ m`_ l_ \j_f_gZ ki_pbnbdZpby 6HULD � 3OXJ	3OD� iha\heyeZ HK :LQGRZV

^hklZlhqgh e_]dh hij_^_eylv lbi ih^dexq_gguo d ihke_^h\Zl_evguf ihjlZf mkljhckl\ � ^ey

ih^dexq_gby [hevrh]h dhebq_kl\Z lZdbo mkljhckl\ k ^Z\gbo \j_f_g [ueb ^hklmigu

fmevlbihjlh\u_ ieZlu � < l_o `_ kemqZyo dh]^Z ^_ckl\bl_evgh lj_[h\Zehkv ³gZ oh^m´

ih^dexqZlv d dhfivxl_jm mkljhckl\Z b h[_ki_qb\Zlv jZ[hlm gZ ih\ur_gguo kdhjhklyo

86%��  ij_djZklgh kijZ\eyeZkv k lZdhc aZ^Zq_c � LZdbf h[jZahf ^he]h_ \j_fy )LUH:LUH

hklZ\Zykv ³b]jmrdhc ! ^ey ex[bl_e_c \b^_hdZf_j 6RQ\�

< kbem \k_]h \ur_kdZaZggh]h rbjhdh_ jZkijhkljZg_gb_ \ dhfivxl_jghc

h[eZklb )LUH:LU " klZeZ ijbh[j_lZlv ebrv lhevdh k ihy\e_gb_f gZ jugd_ [hevrh]h

dhebq_kl\Z mhfitxl_jguo fmevlbf_^bcguo mkljhckl\ � lj_[mxsbo \ukhdhc kdhjhklb

i_j_^Zqb ^Zgguo � B k_]h^gy fu fh`_f gZclb \ fZ]ZabgZo hlghkbl_evgh g_^hjh]b_ ieZlu

KRVW�dhgljhee_jh\ )LUH:LU " ^ey ,%0�kh\f_klbfuo i_jkhgZevguo dhfivxl_jh\ # Z lZd `_ ^ey

jy^Z Zevl_jgZlb\guo Zjobl_dlmj lZdbo dZd 0DF # 3RZH$ 3 % b�l�^ & < g_dhlhju_ dhfivxl_ju

lbiZ 1RWH')(�(�* rbgZ )LUH:LU + m`_ bgl_]jbjh\ZgZ b khhl\_lkl\mxsbc jZat_f dZd ijZ\beh

[u\Z_l \u\_^_g gZ aZ^gxx iZg_ev�

K p_evx ijh^\b`_gby gZ jughd ZiiZjZlguo j_r_gbc ^ey )LUH:LUH�

jZajZ[hlqbdb klZg^Zjlh\ kha^Zeb ki_pbnbdZpbx we_dljhggh]h bgl_jn_ckZ qbiZ

dhgljhee_jZ )LUH:LUH , dhlhjZy ihemqbeZ gZa\Zgb_ 2+& - �2SH . +RV / &RQWUROOH0 ,QWHUIDFH��

>ZggZy ki_pbnbdZpby y\ey_lky hldjulhc b fh`_l [ulv gZc^_gZ \ Bgl_jg_l_ 1 Kms_kl\m_l

lZd `_ jy^ dhff_jq_kdb ^hklmiguo qbih\ , j_Zebamxsbo bgl_jn_ck 2+&, 1 < gZklhys__

\j_fy jy^ hl_q_kl\_gguo ijhba\h^bl_e_c we_dljhggh]h h[hjm^h\Zgby �gZijbf_j

Fhkdh\kdZy nbjfZ A:H ³Bgkljmf_glZevgu_ Kbkl_fu´ 2 bkihevamxl \ jy^_ k_jbcgh

\uimkdZ_fuo bfb mkljhckl\ 2+& 3 qbiu b rbgm )LUH:LUH�

JZkkfhljbf ijhp_kk mijZ\e_gby rbghc )LUH:LU 4 [he__ ih^jh[gh 5 < hlebqb_ hl

86 6 rbgZ ,((( 7�8�9�: g_ bf__l aZjZg__ \u^_e_ggh]h mijZ\eyxs_]h maeZ b nmgdpbb lZdh\h]h

ihke_ lh]h dZd rbgZ hdZ`_lky kdhgnb]mjbjh\Zgghc fh]ml [ulv jZkij_^_e_gu f_`^m

g_kdhevdbfb mkljhckl\Zfb gZ rbg_ 5 <Z`gh hlf_lblv lh ; qlh \ kemqZ_ hlkmlkl\by mkljhckl\�



kihkh[guo \uihegylv g_dhlhjuc nmgdpbb kZfZ rbgZ hklZg_lky jZ[hlhkihkh[ghc� gh wlb

nmgdpbb hklZgmlky g_^hklmigufb � LZd `_ \Z`_g lh nZdl qlh ex[h_ ih^dexq_gb_ beb

hldexq_gb_ mkljhckl\Z kihkh[gh jZaj_rblv beb gZh[hjhl aZij_lblv \uiheg_gb_ lhc beb

bghc nmgdpbb dZdbf�eb[h ba ih^dexq_gguo mkljhckl\ � Ihwlhfm rbgZ ^he`gZ

Z\lhfZlbq_kdb i_j_jZkij_^_eblv nmgdpbb mijZ\e_gby _c kZfhc f_`^m bf_xsbfbky

mkljhckl\Zfb��<k_ wlb ^_ckl\by ijhbkoh^yl \ ijhp_kk_ kZfhbgbpbZebaZpbb rbgu�

< h[sbo q_jlZo wlhl ijhp_kk khklhbl khklhbl ba ke_^mxsbo wlZih\�

1. Bus initialization
2. Tree identification
3. Self identifivcation

<h \j_fy Bus initialization \k_ mkljhckl\Z ihemqZxl m\_^hfe_gby h lhf � qlh

ijhbkoh^bl ijhp_kk bgbpbZebaZpbb rbgu � Ijb wlhf dZ`^h_ mkljhckl\h ^he`gh i_j_clb \

khklhygb_ idle state � rbgZ h`b^Z_l \ l_q_gbb g_dhlhjh]h aZjZgg_ ij_^hij_^_e_ggh]h

\j_f_gb qlh[u \k_ mkljhckl\Z mki_eb i_j_clb \ wlh khklhygb_ � < k\yab k l_f qlh d rbg_

fh]ml [ulv ih^dexq_gu mkljhckl\Z � ih^^_j`b\Zxsb_ jZaebqgu_ fZdkbfZevgu_ kdhjhklb

\_kv ijhp_kk dhgnb]mjZpbb bkihevam_l lhevdh fbgbfZevgmx kdhjhklv i_j_^Zqb ���0E�VHF�

Tree identification khklhbl \ lhf � Z\lhfZlbq_kdb \u[bjZ_lky mkljhckl\h�

dhlhjh_ [m^_l \uihegylv jhev dhjg_\h]h maeZ �root node� � Ih^jh[g__ wlhl ijhp_kk hibkZg \

ke_^mxsbo jZa^_eZo � < dZjlp_ _]h fh`gh hibkZlv ke_^mxsbf h[jZahf � kgZqZeZ mkljhckl\Z�

dhlhju_ bf_xl ebrv lhevdh h^gh kh_^bg_gb_ k khk_^gbf mkljhckl\hf ihf_qZxl wlh

kh_^bg_gb_ dZd gZijZ\e_ggh_ \ klhjhgm dhjg_\h]h maeZ � Z khhl\_lkl\mxsb_ bf mkljhckl\Z

klZ\rb_ bo jh^bl_evkdbfb ihf_qZxl kh_^bg_gb_ dZd ³m`_ hij_^_e_ggh_´ � Ihke_ q_]h

hdZau\Z_lky �_keb kh[jZgZ ^himklbfZy ko_fZ \aZbfgh]h ih^dexq_gby mkljhckl\
�

qlh ohly [u

m h^gh]h ba gZc^_gguo jh^bl_evkdbo maeh\ \k_]h ebrv h^gh kh_^bg_gb_ y\ey_lky ³_s_ g_

hij_^_e_gguf´ � lh]^Z hgh lZd `_ dZd ^hq_jgb_ maeu kZfh]h gb`g_]h mjh\gy gZ i_j\hf rZ]_

ihf_qZ_l _]h dZd gZijZ\e_ggh_ \ klhjhgm dhjg_\h]h maeZ b \_kv ijhp_kk ih\lhjy_lky � <

dhgp_ dhgph\ hdZau\Z_lky h^bg beb g_kdhevdh mkljhckl\ ³dZg^b^Zlh\� gZ jhev dhjg_\h]h

maeZ � Ba wlbo maeh\ \u[bjZ_lky h^bg � dhlhjuc b klZg_l dhjg_\uf maehf rbgu )LUH:LUH�

Ihgylgh qlh _keb lhiheh]by ih^dexq_gby mkljhckl\ kh^_j`bl dhevpZ � lh rbgZ g_ kfh`_l

hij_^_eblv dhjg_\hc ma_e b khhl\_lkl\_ggh g_ [m^_l jZ[hlZlv�

Ihke_^gbc wlZi Self identifivcation khklhbl \ lhf � qlh dhjg_\hc ma_e�

ijhba\h^bl ihke_^h\Zl_evgu h[oh^ \k_o \_l\_c ^_j_\Z b gZagZqZ_l dZ`^hfm maem

�mkljhckl\m
�

k\hc Z^j_k � ih dhlhjhfm [m^_l ijhbkoh^blv h[jZs_gb_ d g_fm \ ijhp_kk_

jZ[hlu rbgu�

Ihke_ aZ\_jr_gby wlbo wlZih\ ba bf_xsboky mkljhckl\ �\ aZ\bkbfhklb hl

gZebqby ih^dexq_gguo mkljhckl\ � ih^oh^ysbo ^ey \uiheg_gby lhc beb bghc nmgdpbb�

\u[bjZxlky mkljhckl\Z��hl\_qZxsb_ aZ lm beb bgmx qZklv mijZ\e_gby rbghc��Z bf_ggh�

1 .Cycle Master � mkljhckl\h hl\_qZxs__ aZ gZqZeh bahojhgguo ljZgaZdpbc q_j_a jZ\gu_���
	
fbeebk_dmg^gu_ bgl_j\Zeu \j_f_gb�

2. Isochronous Resource Manager � mkljhckl\h � dhlhjh_ hl\_qZ_l aZ \u^_e_gb_ ih

lj_[h\Zgbx ^jm]bo maeh\ bahojhgguo dZgZeh\ i_j_^Zqb k lj_[m_fhc rbjbghc ihehku�

3. Bus Manager � mkljhckl\h � hl\_qZxs__ aZ ih^^_j`Zgb_ ZdlmZevghc ko_fu l_dms_c

lhiheh]bb rbgu �^ey ij_^hklZ\e_gby __ ^jm]bf mkljhckl\Zf \ kemqZ_ g_h[oh^bfhklb��

mijZ\eyxs__ ih^Zq_c iblZgby d mkljhckl\Zf gZ rbg_ � mijZ\ey_l j_a_j\bjh\Zgb_f ihehku

^ey Zkbgojhgghc i_j_^Zqb�

Kh\_jr_ggh g_ h[yaZl_evgh qlh dhjg_\hc ma_e [m^_l khq_lZlv \ k_[_ nmgdpbb

\k_o wlbo lj_o maeh\�

Kdhjhklv i_j_^Zqb g_h[oh^bfZy ^ey jZ[hlu jZaebqguo mkljhckl\ fh`_l [ulv

jZaebqgZ ����0E�VHF����0E�VHF����0E�V �
� b�l�^�
�

ihwlhfm ^ey ^hklb`_gby fZdkbfZevghc

ijhba\h^bl_evghklb ijb ih^dexq_gbb mkljhckl\ ke_^m_l ke_^blv aZ l_f � qlh[u gZ imlb

i_j_^Zqb ^Zgguo f_`^m ^\mfy mkljhckl\Zfb \k_ ijhf_`mlhqgu_ mkljhckl\Z ih^^_j`b\Zeb

kdhjhklv i_j_^Zqb g_ f_gvr_ q_f lj_[m_lky ^ey k\yab \u[jZgguo ^\mo mkljhckl\ � Ihgylgh



lZd `_ qlh _keb j_qv b^_l h[ bahojhgghc i_j_^Zq_ � lh \ kemqZ_ g_^hklZlhqghc ijhimkdghc

kihkh[ghklb ijhf_`mlhqguo maeh\ lZdZy i_j_^ZqZ jZ[hlZlv g_ [m^_l�

MijZ\e_gb_ iblZgb_f )LUH:LU � kms_kl\_ggh keh`g__ q_f \ 86% � mkljhckl\Z

fh]ml hl^Z\Zlv qZklv wg_j]bb k\h_]h \gmlj_gg_]h bklhqgbdZ iblZgby \ rbgm ^ey iblZgby

^jm]bo mkljhckl\ � Ijb wlhf lZd dZd g_dhlhju_ dZ[_eb fh]ml g_ bf_lv ijh\h^h\ ^ey i_j_^Zqb

iblZxs_]h gZijy`_gby � \ky k_lv mkljhckl\ � ih^dexq_gguo d rbg_ fh`_l jZkiZklvky gZ

g_kdhevdh ^hf_gh\ k jZa^_evguf iblZgb_f�

Hij_^_e_gb_ lhiheh]bb rbgu

USB

I_j_^ZqZ ex[uo iZd_lh\ \ rbg_ 86
�

ijhbkoh^bl lhevdh ³ih dhfZg^_ k\_jom´

�mkljhckl\h � ihemqb\r__ 7RNHQ�iZd_l hl ohklZ fh`_l i_j_^Zlv ^Zgguc \ rbgm� � ihwlhfm

^Z`_ ^ey h[gZjm`_gby lZdbo Zkbgojhgguo kh[ulbc dZd ih^kh_^bg_gb_ b hlkh_^bg_gb_

mkljhckl\ b bkihevam_lky hijhk p_gljZevguf maehf �ohklhf � jhev dhlhjh]h h[uqgh

\uihegy_l 3& � \k_o +8%�mkljhckl\ bf_xsboky gZ rbg_ � >ey _^bghh[jZaby kqblZ_lky qlh

ohkl kh^_j`bl lZd gZau\Z_fuc dhjg_\hc +8
�
�URR 	 +8%� � mijZ\e_gb_ dhlhjuf ijhbkoh^bl

ijbf_jgh lZd `_ dZd b +8%�mkljhckl\Zfb��ih^dexq_ggufb kgZjm`b�

Jbkmghd �Ijbf_j nabq_kdhc lhiheh]bb�

Hlebqb_f dhjg_\h]h +8% � fh`_l [ulv \ qZklghklb lh � qlh hg fh`_l eh]bq_kdb

h[t_^bgylv \ k_[_ dhjg_\u_ maeu g_kdhevdbo rbg 86
�

�khhl\_lkl\_ggh k fZdkbfZevgh

\hafh`guf qbkehf ih^dexqZ_fuo d dZ`^hc rbg_ mkljhckl\ jZ\guf ���� � >ey dZ`^hc lZdhc

rbgu gZagZq_gb_ ��[blguo Z^j_kh\ mkljhckl\Zf ijhbkoh^bl jZa^_evgh � H^gZdh k lhqdb

ai_jgby ijbdeZ^gh]h IH �dhlhjh_ j_^dh bgl_j_km_lky lhqguf agZq_gb_f nbabq_kdh]h

Z^j_kZ dhgdj_lgh]h mkljhckl\Z� \k_ wlh \f_kl_ fh`_l \u]ey^_lv dZd ³h^gZ [hevrZy 86%



rbgZ´ � Bgl_j_kgh hlf_lblv qlh � h[t_^bg_gguo lZdbf h[jZahf rbgu g_j_^dh ^Z`_

ih^^_j`b\Zxl jZagu_ \_jkbb klZg^ZjlZ �86%��
�

b 86%���� � qlh g_ f_rZ_l ijbdeZ^guf

ijh]jZffZf b ^jZc\_jZf ijb g_h[oh^bfhklb \hkijbgbfZlv bo dZd _^bgh_ p_eh_�

Jbkmghd �Lhiheh]by��\dexqZxsZy 86%��
�

b 86%��
�

mkljhckl\Z�

DZ`^hfm \gh\v ih^dexq_gghfm mkljhckl\mohkl gZagZqZ_l mgbdZevguc \ jZfdZo

h^ghc nbabq_kdhc rbgu ��[blguc Z^j_k � \ ^Zevg_cr_f \k_ iZd_lu � gZijZ\ey_fu_ wlhfm

mkljhckl\m [m^ml b^_glbnbpbjh\Zlvky bf_ggh wlbf Z^j_khf�

JZkkfhljbf wlhl ijhp_kk gZagZq_gby Z^j_kh\ ih^jh[g__�

H[jZs_gb_ d dZ`^hfm mkljhckl\m ijhbkoh^bl iml_f hlijZ\db b ijb_fZ ^Zgguo f_`^m

ohklhf b eh]bq_kdbfb dhgp_\ufb lhqdZfb mkljhckl\ � gZau\Z_fufb HQGSRLQW � Mkljhckl\Z

fh]ml kh^_j`Zlv \ k_[_ g_kdhevdh HQGSRLQW�h\ � K dZ`^uf ba gbo ohkl fh`_l mklZgh\blv

eh]bq_kdbc dZgZe k\yab SLSH�

DZ`^uc HQGSRLQ � ZgZeh]bq_g l_e_nhgghfm ZiiZjZlm� Z dZ`^uc SLS � l_e_nhgghfm

ijh\h^m� k lhc ebrv jZagbp_c � qlh dZgZeu SLS � g_ h[yaZl_evgh fh]ml [ulv

^\mgZijZ\e_ggufb�

K_cqZk ^ey gZk \Z`gh lh � qlh dZ`^h_ mkljhckl\h \k_]^Z bf__l ^\mgZijZ\e_gguc

dZgZe k ghf_jhf
�
�GHIDX ��� SLS � � � b qlh bf_ggh hg bkihevam_lky ohklhf \ ijhp_kk_

dhgnb]mjbjh\Zgby mkljhckl\ � \ qZklghklb ^ey gZagZq_gby bf Z^j_kh\ � < hlebqb_ hl )LUH:LUH

mkljhckl\Z g_ fh]ml h[f_gb\Zlvky ^jm] k ^jm]hf bgnhjfZpb_c gZijyfmx � \k_ eh]bq_kdb_

dZgZeu fh]ml kh_^bgylv mkljhckl\Z ebrv k ohklhf � Ihwlhfm ijhp_^mjZ mijZ\e_gby rbghc

^ey 86 � \ p_ehf \u]ey^bl kms_kl\_ggh ijhs_ q_f ^ey ,(((�����

>ey h[f_gZ ^Zggufb k mijZ\eyxsbf dZgZehf 86 � mkljhckl\Z �GHIDX �	� SLS � ���
ohkl bkihevam_l ki_pbZevgmx jZagh\b^ghklv Zkbgojhgghc i_j_^Zqb ^Zgguo � gZau\Z_fmx

FRQWUR �
� UDQVIHU � >ey g__ oZjZdl_jgh gZebqb_ kljh]h hij_^_e_ggh]h nhjfZlZ i_j_^Z\Z_fuo \

h[_ klhjhgu ^Zgguo � >ey h[gZjm`_gby ih^dexq_gby b hldexq_gby mkljhckl\ d +8%�Zf�

h[jZamxsbf jZa\_l\e_gby \ lhiheh]bb rbgu bkihevam_lky i_j_^ZqZ ^Zgguo ih

ij_ju\Zgbyx �LQWHUUXS ��� UDQVIHU���dhlhjZy djZldh h[km`^ZeZkv \h \\h^ghc qZklb�

DZ`^h_ mkljhckl\h �\ lhf qbke_ b +8%� � dhlhjh_ ohq_l bkihevah\Zlv LQWHUUXSW

WUDQVIH � \ ijhp_kk_ _]h dhgnb]mjbjh\Zgby ohklhf aZy\ey_l h gZebqbb m g_]h dhgp_\hc lhqdb

lbiZ LQWHUUXS � HQGSRLQ � b khh[sZ_l ohklm dZd qZklh g_h[oh^bfh hijZrb\Zlv � LZdbf h[jZahf

dZ`^h_ ohkl i_jbh^bq_kdb hijZrb\Z_l dZ`^h_ +8%�mkljhckl\h b _keb khhl\_lkl\mxsbc

LQWHUUXS � HQGSRLQ � \ha\jZsZ_l q_j_a k\hc eh]bq_kdbc dZgZe k\yab �LQWHUUXS � SLSH � khh[s_gb_ h

lhf � qlh ijhbahreb baf_g_gby \ qbke_ ih^dexq_gguo d ^Zgghfm +8 � mkljhckl\ � ohkl



Z\lhfZlbq_kdb kqblu\Z_l q_j_a GHIDX ��� SLS ��� ba \gmlj_ggbo j_]bkljh\ +8 � bgnhjfZpbx h

lhf��qlh `_ bf_ggh ijhbahreh�

?keb ijhbahreh ih^dexq_gb_ gh\h]h mkljhckl\Z � lh ke_^mxsbf rZ]hf y\ey_lky

gZagZq_gb_ Z^j_kZ wlh]h gh\h]h mkljhckl\Z � <gh\v ih^dexq_ggh_ mkljhckl\h ihmfheqZgbx

bf__l Z^j_k � � ihwlhfm ohkl ^he`_g ijhklh ihkeZlv gh\hfm mkljhckl\m q_j_a _]h GHIDX ��� SLSH
� dhfZg^m gZagZq_gby Z^j_kZ�

< kemqZ_ hldexq_gby mkljhckl\Z ohkl ihf_qZ_l 	 bkihevah\Z\rbcky wlbf

mkljhckl\Zf 	 Z^j_k dZd k\h[h^guc b khh[sZ_l dhfihg_glZf ijh]jZffgh]h h[_ki_q_gby�

bkihevah\Z\rbf ^Zggh_ mkljhckl\h h _]h nbabq_kdhf hldexq_gbb�

Ihkdhevdm d rbg_ fh]ml ih^dexqZlvky mkljhckl\Z 	 ih^^_j`b\Zxsb_ jZaebqgu_

kdhjhklb i_j_^Zqb ^Zgguo 	 ke_^m_l h[km^blv ih^jh[g__ 	 lh dZd wlh hljZ`Z_lky gZ ijhp_kk_

bgbpbZebaZpbb rbgu b gZagZq_gby Z^j_kh\�

< gZklhys__ \j_fy mkljhckl\Z fh]ml [ulv jZa^_e_gu gZ ke_^mxsb_ lbiu�

hij_^_e_ggu_ ki_pbnbdZpb_c 86%�� 
 mkljhckl\Z OR � VSHH �
� HYLFH � ����0ELW�VHF � b IX ��� VSHHG
GHYLFH � ���0ELW�VHF� � Z lZd `_ 86%�� � mkljhckl\Z KLJK � VSHH ��� HYLFH � ����0ELW�VHF� � Ijb q_f

+8%�u \k_]^Z jZ[hlZxl kh kdhjhklvx IX ��� beb KLJK�

I_j\u_ ^\Z lbiZ mkljhckl\ jZaebqZxlky gZ mjh\g_ we_dljbq_kdh]h ijhlhdheZ�

\ qZklghklb OR � VSHH � mkljhckl\Z bf_xl j_abklhj iheh`bl_evgh]h kf_s_gby ih^dexq_gguf

d kb]gZevghfm ijh\h^m ³'�´ � \ k\hx hq_j_^v IX ��� VSHH � mkljhckl\Z bf_xl lZdh\hc

ih^dexq_gguc d ³'�´ � Qlh `_ dZkZ_lky KLJK � VSHH � mkljhckl\ � \ p_eyo ^hklb`_gby

ZiiZjZlghc kh\f_klbfhklb 86%�� � b 86%�� � \ ijhp_kk_ bgbpbZebaZpbb rbgu hgb \u]ey^bl

dZd IX ��� VSHH � mkljhckl\Z � H^gZdh \ ijhp_kk_ dhgnb]mjbjh\Zgby lZdb_ mkljhckl\Z khh[sZxl

ohklm � qlh kihkh[gu jZ[hlZlv gZ kdhjhklb ���0ELW�V � � b \ihke_^kl\bb ohkl fh`_l

bkihevah\Zlv ijb h[jZs_gbb d gbf bf_ggh wlm kdhjhklv�

>ey bkdexq_gby \hafh`ghklb g_ijZ\bevghc bgl_jij_lZpbb [he__ f_^e_ggufb

mkljhckl\Zfb iZd_lh\ � ij_^gZagZq_gguo ^ey [he__ [ukljuo mkljhckl\ bkihevam_lky

³ijbgpbi jZa^_e_gby ih kdhjhklyf´ � khklhysbc \ lhf � +8%�mkljhckl\Z � agZy k dZdbfb

fZdkbfZevgufb kdhjhklyfb fh]ml jZ[hlZlv mkljhckl\Z ih^dexq_gguc d bo ihjlZf�

i_j_^Zxl iZd_lu hlghkysb_ky d lhc beb bghc kdhjhklb i_j_^Zqb lhevdh l_f mkljhckl\Zf�

^ey dhlhjuo ^ZggZy kdhjhklv y\ey_lky ^himklbfhc�

HUB-mkljhckl\Z � kihkh[gu_ jZ[hlZlv gZ kdhjhklb ���0ELW�V �!� bkihevamxl __

^ey h[f_gZ iZd_lZfb k ohklhf � \ lh \j_fy dZd ^ey ih^dexq_gguo d gbf ORZ�IX ��� VSHHG
mkljhckl\ ^Zggu_ ki_pbZevgh ljZgkebjmxlky +8%�hf gZ [hegg gbadhc kdhjhklb�

>ey ^\mo hkgh\guc \_jkbc 86 " gZ we_dljbq_kdhf mjh\g_ lZd `_ jZaebqZ_lky

^himklbfZy ^ebl_evghklv lZcfkehlh\ # ^ebl_evghklv nj_cfZ 86%�� � \k_]^Z khklZ\ey_l �

fbeebk_dmg^m � [he__ [uklju_ 86%�� � mkljhckl\Z bkihevamxl $&%(' fbdjhk_dmg^guc

fbdjhnj_cf��Fbdjhnj_cfu i_j_^Zxlky lhevdh KLJ) VSHH � mkljhckl\Zf�

?keb dZdh_�eb[h [ukljh_ mkljhckl\h hdZ`_lky ih^dexq_gguf d ohklm q_j_a

f_^e_gguc +8% � hq_\b^gh qlh hgh dZd fbgbfmf g_ kfh`_l bkihevah\Zlv \hafh`ghklb

i_j_^Zqb ^Zgguo k \ukhdhc kdhjhklvx � wlhl nZdl ke_^m_l ijbgbfZlv \h \gbfZgb_ ijb

bkihevah\Zgbb +8%�h\�

;eZ]h^Zjy lhfm � qlh \ ijhp_kk_ bgbpbZebaZpbb rbgu mkljhckl\Z khh[sZxl

ohklm mgbdZevgu_ ^ey dZ`^hc fh^_eb mkljhckl\ iZjZf_lju 9HQGRU,* b 3URGXFW,'

�oZjZdl_jbamxsb_ khhl\_lkl\_ggh ijhba\h^bl_ey b kZfm fh^_ev mkljhckl\h� � HK ohklZ

bf__l \hafh`ghklv ijhba\_klb Z\lhfZlbq_kdbc ihbkd ^jZc\_jZ � ih^^_j`b\Zxs_]h jZ[hlm k

^Zgguf lbihf mkljhckl\Z�

Gb`_ ijb\h^ylky lZ[ebpu � hibku\Zxsb_ kljmdlmju aZijhkh\ i_j_^Z\Z_fuo

ohklhf q_j_a GHIDX � � SLS � � Z lZd `_ ihemqZ_fuo \ hl\_l hl mkljhckl\ ^_kdjbilhjh\ � h[sbo

^ey \k_o mkljhckl\ � Z lZd `_ ki_pbnbqguo ^ey +8%�mkljhckl\ � Iheghklvx \k_ lZ[ebpu

fh`gh gZclb \ Bgl_jg_l \ 3')�nZceZo � kh^_j`Zsbo ki_pbnbdZpbb 86%�� � b 86%�� � �]eZ\u

�������fu ijb\h^bf hkgh\gu_ lZ[ebpu ^ey iheghlu baeh`_gby�



LZ[ebpZ �nhjfZl aZ]heh\dZ iZd_lZ ^ey FRQWUR � WUDQVIHU � i_j_^Z\Z_fh]h] q_j_a GHIDXOW

endpoint)
Kf_s_gb_

�[Zcl�

Ihe_ JZaf_j Lbi HibkZgb_

0

bmRequestType

1

;blh\Zy fZkdZ ;bl ��� gZijZ\e_gb_ i_j_^Zqb � ���
hl ohklZ d mkljhckl\m�� � �
gZh[hjhl�

;blu 6 b 5 – lbi aZijhkZ:

00 – standars

01 -  device class

10 – vendor specific

����� aZj_a_j\bjh\Zgh

;blu �������� � ihemqZl_ev iZd_lZ

\gmljb mkljhckl\Z�

00000 - device

00001 - interface

00010 - endpoint

����� ���
	 ^jm]b_

hklZevgu_ agZq_gby

aZj_a_j\bjh\Zgu

�[blu hlkqblu\Zxlky k ijZ\Z gZ

e_\h�



Kf_s_gb_

�[Zcl�

Ihe_ JZaf_j Lbi HibkZgb_

1

bRequest

1

Qbkeh Lbi aZijhkZ �jZkrbnjh\dZ

klZg^Zjlguo agZq_gbc \ ke_^�

lZ[ebp_�

2
wValue

2
Qbkeh >hihegbl_evguc iZjZf_lj d

aZijhkm

4

wIndex

2

Qbkeh >hihegbl_evguc iZjZf_lj�

bkihevam_fuc dZd bg^_dk beb

kf_s_gb_

6wLength 2Qbkeh >ebgZ i_j_^Z\Z_fuo ^Zgguo

LZ[ebpZ �KlZg^Zjlgu_ lbiu aZijhkh\�

bmRequestT
ype

bRequest wValue wIndex wLength Data

00000000B

00000001B

00000010B

CLEAR_FEATURE Feature
Selector

Zero interface
endpoint

Zero None

10000000B GET_CONFIGURA
TION

Zero Zero One Configuration
value

10000000B GET_DESCRIPTO
R

Descriptor type
and index

Zero or
language ID

Descriptor lngth Descriptor

10000001B GET_INTERFACE Zero Interface One Alternate
interface

10000000B

10000001B

10000010B

GET_STATUS Zero Zero interface
endpoint

Two Device,
interface or
endpoint status

00000000B SET_ADDRESS Device address Zero Zero None

00000000B SET_CONFIGURA
TION

Configuration
value

Zero Zero None

00000000B SET_DESCRIPTORDescriptor type
and index

Zero or
Language ID

Descritor
Length

Descriptor

00000000B

00000001B

00000010B

SET_FEATURE Feature
selector

Zero interface
endpoint

Zero None

00000001B SET_INTERFACE Alternate
setting

Interface Zero None

10000001B SYNCH_FRAME Zero Endpoint Two Frame number



LZ[ebpZ �agZq_gby E5HTXHVW�

Brequest Value

GET_STATUS 0

CLEAR_FEATURE 1

aZj_a_j\bjh\Zgh 2

SET_FEATURE 3

aZj_a_j\bjh\Zgh 4

SET_ADDRESS 5

GET_DESCRIPTOR 6

SET_DESCRIPTOR 7

GET_CONFIGURATION 8

SET_CONFIGURATION 9

GET_INTERFACE 10

SET_INTERFACE 11

SYNCH_FRAME 12

LZ[ebpZ �lbiu ^_kdjbilhjh\�

Descriptor Type Value

DEVICE 1

CONFIGURATION 2

STRING 3

INTERFACE 4

LZ[ebpZ �^_kdjbilhju mkljhckl\��\ha\jZsZ_fu_ ijb ihfhsb FRQWUR � WUDQVIHU�

Kf_s_gb_

�[Zcl�

Ihe_ >ebgZ

�[Zcl�

Lbi HibkZgb_

0bLength 1qbkeh >ebgZ \k_]h ^_kdjbilhjZ \ [ZclZo

1bDescriptorType 1dhgklZglZ DEVICE descriptor type

2

bcdUSB

2

BCD (binary
coded decimal)

<_jkby ih^^_j`b\Z_fh]h klZg^ZjlZ

86 � �gZijbf_j ^ey \_jkbb ����

agZq_gb_ [m^_l �[����



Kf_s_gb_

�[Zcl�

Ihe_ >ebgZ

�[Zcl�

Lbi HibkZgb_

4

bDeviceClass

1

Class DeZkk mkljhckl\Z��gZijbf_j &'520�

ijbgl_j b�l�i���ih^jh[g__ kf��gZ

www.usb.org).

?keb agZq_gb_ jZ\gh ���lh dZ`^uc

bgl_jn_ck \ mkljhckl\_ bf__l

kh[kl\_gguc deZkk b \k_ bgl_jn_cku

fh]ml nmgdpbhgbjh\Zlv g_aZ\bkbfh

^jm] hl ^jm]Z��AgZq_gby hl �[ ��� ^h

�[)(��mqljhckl\h ih^^_j`b\Z_l

jZaebqgu_ deZkku ^ey jZaguo

bgl_jn_ckh\��gh bo jZa^_evgh_

nmgdpbhgbjh\Zgb_ g_\hafh`gh�

AgZq_gb_ �[ ��� hl\_^_gh ^ey YHQGRU

VSHFLIL � deZkkZ�

5

bDeviceSubClass

1

SubClass >hihegbl_evguc iZjZf_lj d deZkkm

mkljhckl\Z��_keb E'HYLFH&ODVV

mklZgh\e_g \ ���lh lZd `_ ^he`_g

bf_lv agZq_gb_ ���^ey \k_o hklZevguo

agZq_gbc E'HYLFH&OD ��� djhf_ �[))

aZj_a_j\bjh\Zg ^ey gZagZq_gby 86%�

6

bDeviceProtocol

1

Protocol MdZau\Z_l ih^^_j`b\Z_lky eb

ijhlhdhe��ki_pbnbqguc ^ey deZkkZ

mkljhckl\��agZq_gb_ � ]h\hjbl h lhf�

qlh ih^^_j`b\Z_l deZkk�

ki_pbnbqgu_ ijhlhdheu g_

ih^^_j`b\Zxlky ^ey mkljhckl\Z \

p_ehf��gh fh]ml ih^^_j`b\Zlvky ^ey

hl^_evguo bgl_jn_ckh\�

7

bMaxPacketSize0

1

qbkeh FZdkbfZevgZy ^ebgZ FRQWUR � iZd_lh\

^ey HQGSRLQ 	 ���^himklbfu_ agZq_gby�

8,16,32,64.

8idVendor 2ID VendorID

10idProduct 2ID ProductID

12bcdDevice 2BCD <_jkby j_ZebaZpbb mkljhckl\Z

14
iManufacturer

1
bg^_dk Bg^_dk kljhdh\h]h ^_kdjbilhjZ�

kh^_j`Zs_]h gZa\Zgb_ ijhba\h^bl_ey

15

iProduct

1

bg^_dk Bg^_dk kljhdh\h]h ^_kdjbilhjZ�

kh^_j`Zs_]h gZa\Zgb_ mkljhckl\Z dZd

ijh^mdlZ

16

iSerialNumber

1

bg^_dk Bg^_dk kljhdh\h]h ^_kdjbilhjZ�

kh^_j`Zs_]h k_jbcguc ghf_j

mkljhckl\Z

17

bNumConfiguratio
ns

1

qbkeh Dhebq_kl\h \hafh`guo

dhgnb]mjZpbc��ih^^_j`b\Z_fuo

mkljhckl\hf



LZ[ebpZ �^_kdjbilhj FRQILJXUDWLRQ�

Kf_s_gb_

�[Zcl�

Ihe_ >ebgZ

�[Zcl�

Lbi HibkZgb_

0bLength 1qbkeh JZaf_j ^_kdjbilhjZ \ [ZclZo

1bDescriptorType 1dhgklZglZCONFIGURATION

2

wTotalLength

2

qbkeh H[sZy ^ebgZ \ha\jZsZ_fuo ^ey

wlhc dhgnb]mjZpbb ^Zgguo

�\dexqZy kZfm dhgnb]mjZpbx b

lZdh\u_ ^ey LQWHUIDFH��HQGSRLQW��Z lZd

`_ ki_pbnbqgu_ ^ey 9HQGR � b &ODVV�

4

wNumberInterfaces

1

qbkeh Qbkeh ih^^_j`b\Z_fuo

dhgnb]mjZpb_c bgl_jn_ckh\

(interface)

5

bConfigurationValue

1

qbkeh AgZq_gb_��dhlhjh_ ke_^m_l

bkihevah\Zlv ^ey \u[hjZ ^Zgghc

dhgnb]mjZpbb ijb ihfhsb aZijhkZ

SET_CONFIGURATION

6

iConfiguration

1

bg^_dk Kf_s_gb_ ^ey kljhdh\h]h

^_kdjbilhjZ��hibku\Zxs_]h

^Zggmx dhgnb]mjZpbx

7

bmAttributes

1

[blh\Zy

fZkdZ

;blh\u_ neZ`db��dhlhju_ fh]ml

[ulv mdZaZgu \ jZaebqguo

dhf[bgZpbyo �\ qZklghklb [blu
�

b�
fh]pl [ulv mklZgh\e_gu

h^gh\j_f_ggh���mdZau\Zxl bklhqgbd

iblZgby��bkihevam_fuc

dhgnb]mjZpb__c

[bl 7 – Bus powered

[bl 6 – Self powered

[bl 5 – Remote wakeup supported

[blu 4...0 – aZj_a_j\bjh\Zgu (jZ\gu

0)

�[blu hlkqblu\Zxlky k ijZ\Z g

Ze_\h�

Bkihevam_fuc \ ^Zgguc fhf_gl

bklhqgbd fh`h magZlv ijb ihfhsb

aZijhkZ *(7B67$786

8

MaxPower

1

AgZq_gb_

\

fbeebZf

i_j

mfgh`blv

gZ ^\Z

FZdkbfZevguc ihlj_[ey_fuc lhd

�agZq_gb_ ��� hagZqZ_l ���

fbeebZfi_j�



LZ[ebpZ �^_kdjbilhj LQWHUIDFH�

Kf_s_g

b_

�[Zcl�

Ihe_ >ebgZ

�[Zcl�

Lbi HibkZgb_

0bLength 1qbkeh JZaf_j ^_kdjbilhjZ \ [ZclZo

1BdescriptorType 1dhgklZglZ Lbi ^_kdjbilhjZ ,17(5)$&(

2bInterfaceNumber 1qbkeh Ghf_j bgl_jn_ckZ �gZqbgZy k ��

3
bAlternateSetting

1
qbkeh AgZq_gb_ ^ey \u[hjZ Zevl_jgZlb\guo

mklZgh\hd ^ey ^Zggh]h bgl_jn_ckZ

4
bNumEndpoints

1
qbkeh Qbkeh HQGSRLQW�h\ ^ey ^Zggh]h

bgl_jn_ckZ��g_ \dexqZy GHIDX ��� HQGSRLQW

5

bInterfaceClass

1

Class DeZkk mkljhckl\Z �kf��www.usb.org), 0x0�
hagZqZ_l qlh mkljhckl\h g_ ihiZ^Z_l

gb \ h^bg klZg^Zjlguc deZkk���[))

hagZqZ_l qlh deZkk YHQGR� VSHFLILF

6

bInterfaceSubClass

1

SubClass Ih^deZkk��bkihevam_lky kh\f_lgh k

E,QWHUIDFH&ODVV��>he`_g [ulv mklZgh\e_g

\
�

_keb ihke_^gbc mklZgh\e_g \ �

7

bInterfaceProtocol

1

Protocol Dh^ ih^^_j`b\Z_fh]h deZkk�

ki_pbnbqgh]h ijhlhdheZ beb
�

_keb gb

h^bg lZdhc ijhlhdhe g_ ih^^_j`b\Z_lky�

Fh`_l ijbgbfZlv agZq_gb_ �[ ��� _keb

^ey ^Zggh]h deZkkZ ih^^_j`b\Z_lky

YHQGR � VSHFLIL � ijhlhdhe

8
iInterface

1
Bg^_dk Kf_s_gb_ kljhdh\h]h ^_kdjbilhjZ k

hibkZgb_f ^ey ^Zggh]h bgl_jn_ckZ

LZ[ebpZ �^_kdjbilhj HQGSRLQW�

Kf_s_gb_

�[Zcl�

Ihe_ >ebgZ

�[Zcl�

Lbi HibkZgb_

0bLength 1qbkeh JZaf_j ^_kdjbilhjZ \ [ZclZo

1bDescriptorType 1dhgklZglZ Lbi (1'32,17

2

bEndpointAddress

1

Endpoint

�[blh\Zy

kljmdlmjZ�

:^j_f HQGSRLQW�Z��;blu ���

kh[kl\_ggh ghf_j��[blu ���

aZj_a_j\bjh\Zgu��[bl �

gZijZ\e_gb_ �^ey FRQWUR � g_

bf__l agZq_gby� ^ey

hklZevguo
�

hagZqZ_l 287��Z �

hagZqZ_l ,	 �,1�28 
 k lhqdb

aj_gby ohklZ�



Kf_s_gb_

�[Zcl�

Ihe_ >ebgZ

�[Zcl�

Lbi HibkZgb_

3

BmAttributes

1

;blh\Zy fZkdZ Hij_^_ey_l lbi HQGSRLQW�Z \

khklhygbb dh]^Z hg

kdhgnb]mjbjh\Zg ijb ihfhsb

bConfigurationValue.

;blu 0 b 1:

00 - Control

01 - Isochron

10  - Bulk

11 – Interrupt

4

wMaxPacketSize

2

qbkeh FZdkbfZevguc jZaf_j iZd_lZ�

^himklbfuc ^ey ^Zggh]h

HQGSRLQW�Z�

WlZ \_ebqbgZ��\ qZklghklb�

bkihevam_lky ohklhf ijb

\u^_e_gbb ihehku

ijhimkdZgby ^ey bahojhgguo

dZgZeh\��nZdlbq_dkb `_

bahojhggu_ dZgZeu fh]ml

bkihevah\Zlv b f_gvrmx

ihehkm�

6

bInterval

1

qbkeh I_jbh^ \j_f_gb \

fbeebk_dmg^Zo dZd qZklh

ke_^m_l ohklm aZijZrb\Zlv

^Zgguc HQGSRLQ � gZ ij_^f_l

gZebqby \ g_f ^Zgguo ^ey

i_j_^Zqb��Bf__l agZq_gb_

lhevdh ^ey LQWHUUXS � �agZq_gby

hl � ^h ������^ey bahojhgguo

HQGSRLQW�h\ kh]eZkgh 86%���

^he`_g [ulv mklZgh\e_g \ ��

qlh khhl\_kl\m_l

^ebl_evghklb lZcfkehlZ�

hij_^_e_gghc \_jkb_c

klZg^ZjlZ ���

KljmdlmjZ kljhdh\h]h ^_kdjbilhjZ � gZ dhlhjuc kkueZxlky ijb\_^_ggu_ \ur_ lZ[ebpu

hibku\Z_lky \ lZ[ebp_ ke_^mxs_c�

LZ[ebpZ �kljhdh\uc ^_kdjbilhj�

Kf_s_gb_ �[Zcl� Ihe_ >ebgZ

�[Zcl�

Lbi HibkZgb_

0bLength 1Qbkeh JZaf_j ^_kdjbilhjZ \ [ZclZo

1bDescriptorType 1dhgklZglZ Lbi 675,1*



Kf_s_gb_ �[Zcl� Ihe_ >ebgZ

�[Zcl�

Lbi HibkZgb_

2
bString N FZkkb\ KljhdZ \ ij_^klZ\e_gbb

UNCODE



FireWire

Tree Identification.

Ijb i_j_^Zq_ kb]gZeh\ ih rbg_ ,((( ������� \k_ mkljhckl\Z bkihevamxl f_oZgbaf

Zj[bljZ`Z � j_Zebah\Zgguc gZ ZiiZjZlghf mjh\g_ � LZdbf h[jZahf ^hklb]Z_lky jZa^_e_gb_

f_`^m gbfb ijh\h^gh]h dZgZeZ k\yab ih \j_f_gb � Kb]gZe kljh[Z ihkueZ_lky i_j_^Zxsbf

mkljhckl\hf q_j_a iZjm ijh\h^h\ 73 	 Z ihemqZ_lky ijbgbfZxsbf q_j_a 73 
 �gZihfgbf qlh

iZju ijh\h^h\ f_gyxlky f_klZfb \gmljb dZ[_ey� � ZgZeh]bqgh ^Zggu_ i_j_^Zxlky q_j_a 73%

b ijbgbfZxlky q_j_a 73$ � Kb]gZeu lZd `_ mqZkl\mxl \ ijhp_kk_ Zj[bljZ`Z � h dhlhjhf

[he__ ih^jh[gh jZkkdZau\Z_lky \ ]eZ\_ h i_j_^Zq_ kb]gZeh\�

Tree Identification bkihevam_l ^\Z Zj[bljZ`guo kb]gZeZ�

1. Parent notify
2. Child notify

Kb]gZe 3DUHQ � QRWLI� ih^Z_lky iml_f mklZgh\db 73 	 \ khklhygb_ ³� 
 Z 73 
 \ khklhygb_ k

\ukhdbf bfi_^Zgkhf ³= � �lZd `_ gZau\Z_fh_ LGO � VWDWH� � < hlebqb_ hl wlh]h &KLO ����� WLI\
mklZgZ\eb\Z_l 73 � \ khklhygb_ ³�´�

Parent notify – kem`bl ^ey ih^Zqb maehf rbgu �mkljhckl\hf� khk_^g_fm maem h

lhf qlh hg gZf_j_g kqblZlv khk_^gbc ma_e k\hbf jh^bl_evkdbf � Khhl\_lkl\_ggh ma_e ih^Z_l

&KLO ����� WLI � khk_^g_fm _keb hg jZg__ ihemqbe hl g_]h kb]gZe 3DUHQ � QRWLI� b \ j_amevlZl_

i_j_]h\hjh\ k ^jm]bfb maeZfb m g_]h g_l khfg_gbc qlh khk_^gbc ma_e ke_^m_l kqblZlv k\hbf

^hq_jgbf maehf�

JZkkfhljbf ih^jh[g__ \kx ijhp_^mjm � ijb\h^ysmx d bgbpbZebaZpbb lhiheh]bb

rbgu��ih^ ³ijhbgbpbZebabjh\Zgghc lhiheh]b_c � ihgbfZ_lky lZdh_ khklhygb_ rbgu��dh]^Z�

1. RbgZ fh`_l [ulv ij_^klZ\e_gZ �\hafh`gh g_ _^bgkl\_gguf kihkh[hf� dZd ^_j_\h k

_^bgkl\_gghc \_jrbghc

2. Ba \k_o \hafh`guo \ZjbZglh\ h^bg ma_e \u[jZg \ dZq_kl\_ \_jrbgu �5RR � QRGH� � ma_e

\u[jZgguc \ dZq_kl\_ \_jrbgu agZ_l h k\h_c jheb \ ^_j_\_

3. DZ`^uc \_jrbgZ agZ_l d dZdhfm ba _]h ihjlh\ ih^dexq_g _]h jh^bl_evkdbc ma_e �ma_e

jZkiheh`_gguc [eb`_ d \_jrbg_ ^_j_\Z� � d dZdbf ihjlZf ih^dexq_gu ^hq_jgb_ maeu b

dZdb_ ihjlu k\h[h^gu�

DZ`^uc ma_e � dhlhjuc h[gZjm`b\_l lhevdh h^bg _^bgkl\_gguc ih^dexq_gguc d

g_fm khk_^gbc ma_e ih^Z_l _fm kb]gZe 3DUHQ � QRWLI� b gZqbgZ_l h`b^Zlv hl g_]h

ih^l\_j`^_gby \ \b^_ kb]gZeZ &KLO ����� WLI\ � Ihkdhevdm bkihevam_lky ZiiZjlguc Zj[bljZ` � lh

_keb � maeZ kh[jZebkv h^gh\j_f_ggh ihkeZlv ^jm] ^jm]m kb]gZe��h^bg ba gbo ³aZo\Zlbl � rbgm

jZgvr_ ^jm]h]h b khhl\_lkl\_ggh _]h hi_j_^bl � ?keb dZdhc�eb[h ma_e gZ rbg_ h[gZjm`bl

qlh \k_ _]h kh_^bg_ggu_ k khk_^yfb ihjlu djhf_ h^gh]h ihemqbeb kb]gZe 3DUHQ � QRWLI\ � lh

wlhl ma_e fh`_l ihkeZlv gZ wlb ihjlu ih^l\_j`^_gb_ &KLO ����� WLI � b mkljhckl\Z gZ wlbo

ihjlZo klZgml _]h ^hq_jgbfb maeZfb�

Maeu m dhlhjuo hklZeky _^bgkl\_gguc g_ b^_glbnbpbjh\Zgguc lZdbf

kihkh[hf ih^dexq_gguc ihjl � fh]ml ihiulZlvky ihkeZlv q_j_a g_]h khk_^g_fm mkljhckl\m

kb]gZe 3DUHQ � QRWLI\ � < lhl fhf_gl dh]^Z h^bg ba lZdbo kb]gZe aZohq_l ihkeZlv 3DUHQ � QRWLI\
\hafh`gh khk_^gbc ma_e aZohq_l ihkeZlv lZdhc `_ kb]gZe gZ\klj_qm � Gh hiylv h^bg ba ^\mo

maeh\ hdZ`_lky [uklj__ � ih^h[gh lhfm dZd wlh kemqZ_lky k ]_jhyfb \_kl_jgh\ � :gZeh]bx k

dbgh fh`gh ijh^eblv _s_ ^Zevr_ � dh]^Z ^\Z maeZ iulZxlky h^gh\j_f_ggh ij_^ty\blv ^jm]

^jm]m kb]gZe 3DUHQ � QRWLI\ � hgb iulZxlky mklZgh\blv mjh\gb ³� � ^ey 73 � b ³= � ^ey 73%

�\kihfgbf _s_ jZa qlh iZju f_gyxlky \ dZ[_e_ f_klZfb� � \ j_amevlZl_ \oh^gu_ dhfiZjZlhju

h[hbo maeh\ m\b^yl kb]gZe ³� � dZd 73 � gZ lZd b gZ 73% � H[gZjm`b\ wlh mkeh\b_ �gZau\Z_fh_

5227B&217(1' � h[Z maeZ fh]ml kemqZcguf h[jZahf \u[jZlv ih^h`^Zlv eb bf dhjhldh_

\j_fy �hdheh �� �� fbdjhk_dmg �̂ beb ih^h`^Zlv qmlv ih^hevr_ �ihjy^dZ �� ! fbdjhk_dmg^�



i_j_^ l_f dZd ih\lhjblv ihiuldm � DZd lml g_ \kihfgblv =heeb\m^kdh_
�
³M l_[y kebrdhf

[hevrZy nhjZ � ;bee�´ � Ijb ke_^mxs_c ihiuld_ mkeh\b_ fh`_l ih\lhjblvky � h^gZdh ihke_

g_kdhevdbo oh^h\ k\h_h[jZaghc ³Jmkkdhc jme_ldb
�

\k_`_ hij_^_eblky ih[_^bl_ev�

<hh[s_ ke_^m_l aZf_lblv qlh \ kbem lh]h � qlh rbgZ )LUH:LU � fh`_l g_ bf_lv

\u^_e_ggh]h mijZ\eyxs_]h p_gljZ � dZdh\uf ^ey 86
�

y\ey_lky dhfivxl_j � ihjy^hd \

dhlhjhf \ g_c ijhbkoh^yl _ ijhp_kku i_j_^Zqb mijZ\eyxlky kb]gZeZfb Zj[bljZ`Z b

lZcfZmlZfb � QZklh bf_ggh ^ebl_evghklv bkihevam_fuo jZaebqgufb maeZfb lZcfZmlh\

hij_^_ey_l hkgh\gu_ oZjZdl_jbklbdb ijhbkoh^ysbo ijhp_kkh\ �\ qZklghklb jZa^_e_gby

ihehku ijhimkdZgby f_`^m jZaebqgufb lbiZfb i_j_^Zqb � Zkbgojhggufb b bahojhggufb��

Bkihevah\Zgb_ lZcfZmlh\ ^ey hij_^_e_gby ijbhjbl_lh\ i_j_^Zqb ^Zgguo agZdhfh gZf ba

hibkZgbc jZ[hlu ijhlhdheh\ (WKHUQHW � bkihevam_fuo k_l_\ufb dZjlZfb ehdZevguo

dhfivxl_jguo k_l_c�

:dlb\gh_ ijh]jZffgh_ h[_ki_q_gb_ h^gh]h ba maeh\ �\_jhylgh dhfivxl_jZ�

fh`_l aZohl_lv ihiulZlvky ijbgm^bl_evgh \u[jZlv h^bg ba maeh\ � ijb]h^guo \ ^Zgghc

lhiheh]bb rbgu � gZ jhev \_jrbgu ^_j_\Z �URR � QRGH� � < wlhf kemqZ_ bf__lky \hafh`ghklv

ihkeZlv wlhfm maem iZd_l nbabq_kdh]h mjh\gy �3+< 	 k khhl\_lkl\mxsbf neZ`dhf b

mklZg\blv \gmljb wlh]h maeZ iZjZf_lj URR 
 GHOD� \ ^bZiZahg_ hl ��
 ^h ����� fbdjhk_dmg^ � Lh]^Z

ihke_ ijh]jZffghc i_j_bgbpbZebaZpbb rbgu rZgku wlh]h maeZ klZlv \_jrbghc

kms_kl\_ggh m\_ebqb\Zxlky�

?keb \ ijhp_kk_ WU ��� LGHQWLILFDWL ��� \ l_q_gbb bgl_j\ZeZ \j_f_gb [he__ ���

fbdjhk_dmg^ maeu g_ fh]ml ij_^_eblv k\hbo jh^bl_e_c � wlh hagZqZ_l qlh \ lhiheh]bb _klv

i_leb b \ maeZo � h[gZjm`b\rbo wlh mkeh\b_ h[gZjm`b\Z_lky neZ`hd ORRS � lh]^Z ehdZevgu_

ijbeh`_gby \ wlbo maeZo �[m^v l_ maeu \b^_hdZf_jZfb beb 3& 	 fh]ml khh[sblv

ihevah\Zl_ex h lhf��qlh rbgZ g_ fh`_l [ulv kdhgnb]mjbjh\ZgZ ba aZ wlbo i_l_ev�

Jbkmgdb beexkljbjmxl qlh ijb hibkZghf kihkh[_ hij_^_e_gby lhiheh]bb

mkeh\b_ dh]^Z dZd fbgbfmf � maeZ g_ fh]ml hij_^_eblv k\hbo jh^bl_e_c \hagbdZxl bf_ggh

ijb gZebqbb i_l_ev�
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< kemqZ_ _keb \hagbdg_l ©dhevp_\Zy lhiheh]by´��dZd gZ jbkmgd_�
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� �

maeu
�

b � lZd b g_ kfh]ml ihkeZlv kb]gZe ©parent notify� ^h bkl_q_gby lZcfZmlZ 	 \ j_amevlZl_

ijhp_kk WU 
�
 LGHQWLILFDWL ��
 lZd b g_ kfh`_l aZ\_jrblvky 	 Z aZ gbf \ k\hx hq_j_^v b VHIO

LGHQWLILFDWLRQ��< blh]_ rbgZ jZ[hlZlv g_ kfh`_l�



Self identification

< j_amevlZl_ ijhp_^mju 7U ��� LGHQWLILFDWL ��� ijhbkoh^bl ehdZevgh_ hij_^_e_gb_

lhiheh]bb rbgu � lh _klv mklZgZ\eb\Zxlky k\yab khk_^gbo maeh\ b ey dZ`^h]h maeZ aZ^Z_lky

gZijZ\e_gb_ d \_jrbg_ ^_j_\Z \ klhjhgm h^gh]h ba khk_^gbo maeh\�

< j_amevlZl_ `_ ke_^mxs_c aZ g_c ke_^mxs_c ijhp_^mju 6HO
�
LGHQWLILFDWLRQ

ijhbkoh^bl � hij_^_e_gb_ ]eh[Zevghc lhiheh]bb �khojZgy_lky b ^_eZ_lky ^hklmighc ^ey \k_o

maeh\ dZjlZ l_dms_c lhiheh]bb rbgu� � dZ`^hfm maem ijbk\Zb\Z_lky Z^j_k gZau\Z_fuc

3K\VLFD � ,' � \ ijhp_kk_ h[f_gZ khk_^gbfb maeZfb bgnhjfZpbb h ih^^_j`b\Z_fhc bfb

fZdkbfZevghc kdhjhklb i_j_^Zqb kha^Z_lky ³dZjlZ kdhjhkl_c 	 khhl\_lkl\mxsZy l_dms_c

lhiheh]bb�

:^j_Z � ijbk\h_ggu_ mkljhckl\Zf bkihevamxlky ^ey b^_glbnbdZpbb mkljhckl\ \

ijhp_kk_ i_j_^Zqb ^Zgguo q_j_a rbgm�

< kbem lh]h � qlh d rbg_ fh]ml [ulv ih^dexq_gu mkljhckl\Z � ih^^_j`b\Zxsb_

jZagu_ kdhjhklb i_j_^Zqb � h[f_g ijhbkoh^bl gZ kZfhc gbadhc kdhjhklb � hij_^_e_gghc

klZg^Zjlhf ^ey )LUH:LU � mkljhckl\ ���0ELW�VHF�

Ihke_ aZ\_jr_gby ijhp_^mju rbgZ hdZau\Z_lky kihkh[ghc i_j_^Z\Zlv ^Zggu_

f_`^m ex[ufb ^\mfy mkljhckl\Zfb kh fZdkbfZevghc kdhjhklvx hij_^_ey_fhc kZfuf

f_^e_gguf mqZkldhf � kh_^bgyxsbf wlb ^\Z mkljhckl\Z 
 < kbem ijhp_^mju 7U ��� LQLWLDOLVDWLRQ
^ey ex[uo ^\mo mkljhckl\ gZ mki_rgh kdhgnb]mjbjh\Zgghc rbg_ fh`_l kms_kl\h\Zlv g_

[he__ h^gh]h imlb bo kh_^bgyxs_]h 
 <k_ mkljhckl\Z ih^^_j`b\Zxl h^bgZdh\mx

fZdkbfZevgmx ^himklbfmx kdhjhklv ^ey dZ`^h]h ba k\hbo ihjlh\ 
 LZdbf h[jZahf

\hafh`gZy kdhjhklv ^ey ex[h]h kh_^bg_gby � ijhoh^ys_]h q_j_a g_kdhevdh mkljhckl\

nZdlbq_ddb hij_^_ey_lky kZfuf f_^e_gguf ba wlbo ijhf_`mlhqguo mkljhckl\ 
 Wlhl nZdl

ke_^m_l ijbgbfZlv \h \gbfZgb_ ^ey lh]h � qlh[u kh_^bgblv bf_xsb_ky mkljhckl\Z

hilbfZevguf kihkh[hf 
 Ihgylgh qlh fh`_l hdZaZlvky qlh ijb ³g_ijZ\bevghf´

ih^dexq_gbb g_dhlhju_ kh_^bg_gby fh]ml hdZaZlvky ³g_^hklZlhqgh [ukljufb 	 ^ey lh]h�

qlh[u mf_klblv \k_ eh]bq_kdb_ dZgZeu i_j_^Zqb 
 ?keb h^gbf ba mkljhckl\ y\ey_lky

dhfivxl_j � lh ihevah\Zl_ex fh]ml [ulv ^hklmigu ki_pbZevgu_ ijh]jZffu

\bamZebabjmxsb_ ³dZjlm kdhjhkl_c 	 rbgu 
 LZdb_ ijh]jZffu fh]ml [ulv ihe_agu ^ey lh]h

qlh[u ihgylv dZd `_ emqr_ kh_^bgblv bf_xsb_ky mkljhckl\Z�

Ijhp_kk gZagZq_gby mkljhckl\Zf Z^j_kh\ ijhbkoh^bl ke_^mxsbf h[jZahf 
 Ma_e�

y\eyxsbcky \_jrbghc ^_j_\Z �5RR � QRGH� � \u[bjZ_l h^bg ba k\hbo ihjlh\ �bf_xsbc kZfuc

fZe_gvdbc ghf_j ba \k_o ih^dexq_gguo ihjlh\
 b ijb ihfhsb Zj[bljZ`gh]h kb]gZeZ

�73$ ´=´ � 73% ´�´� 
 >hq_jgbc ma_e � ihemqb\ wlhl kb]gZe � ^_eZ_l lh `_ kZfh_ � b \

j_amevlZl_ ijhp_kk ^hklb]Z_l h^gh]h ba ebklv_\ ^_j_\Z � dhlhjhfm m`_ g_dhfm i_j_^Z\Zlv

kb]gZe 
 Wlhl ihke_^gbc ma_e ijbk\Zb\Z_l k_[_ agZq_gb_ Z^j_k jZ\gh_ gmex b i_j_^Z_l iZd_l

^Zgguo � gZau\Z_fuc 6HO
�
,� SDFNHW 
 Wlhl iZd_l \ qbke_ ijhq_]h kh^_j`bl Z^j_k�

ijbk\h_gguc k_[_ mkljhckl\hf b i_j_^Z_lky \k_f maeZf rbgu 
 ;eZ]h^Zjy wlhfm \k_ maeu

hij_^_eyxl dZdhc kZfuc ihke_^gbc ghf_j m`_ bkihevah\Zg \ dZq_kl\_ Z^j_kZ �3K\VLFD � ,'�
^ey h^gh]h ba mkljhckl\�

>ey ijh^he`_gby ijhp_^mju � ma_e lhevdh qlh ijbk\hb\rbc k_[_ ghf_j � ^he`_g

[ulv \ ^Zevg_cr_f bkdexq_g ba kibkdZ hijZrb\Z_fuo maeh\ �lh _klv maeh\ � dhlhjuf

jh^bl_evkdbc ma_e fh`_l gZijZ\blv kb]gZe 73$ ´=´ � 73% ´�´ � kf 
 \ur_ ih l_dklm� 
 Wlh

^hklb]Z_lky ke_^mxsbf kihkh[hf � ihke_ aZ\_jr_gby i_j_^Zqb 6HO
�
,� SDFNH � ma_e

ijbk\hb\rbc k_[_ Z^j_k i_j_^Z_l k\h_fm jh^bl_evkdhfm maem Zj[bljZ`guc kb]gZe

,GHQWLILFDWL ����������� �73$ ´� 	 73% ´=´� � ihemqb\ wlhl kb]gZe jh^bl_evkdbc ma_e agZ_l qlh

ihkeZ\rbc _]h ^hq_jgbc ma_e b \f_kl_ k gbf \k_ maeu � khklZ\eyxsb_ gb`_e_`Zsmx \_l\v

^_j_\Z � m`_ ijbk\hbeb k_[_ Z^j_kZ 3K\VLFD � ,' 
 Gb gZ h^ghf ba ke_^mxsbo rZ]h\ ijhp_^mju



jh^bl_evkdbc ma_e m`_ g_ [m^_l ihkueZlv aZijhkh\ \ wlm \_l\v ^_j_\Z�

>Ze__ ijhp_kk ih\lhjy_lky ZgZeh]bqguf h[jZahf � Jh^bl_evkdbc ma_e lhevdh qlh

ijhgmf_jh\Zggh]h maeZ \u[bjZ_l ke_^mxsbc ih^dexq_gguc ihjl � ba dhlhjh]h _s_ g_

ijboh^beh kb]gZeZ ,GHQWLILFDWL
���������	�

b ihkueZ_l \ g_]h khhl\_lkl\mxsbc aZijhk � B ebrv

dh]^Z \k_ ihjlu bkq_jiZxlky ijbk\Zb\Z_l Z^j_k kZfhfm k_[_ b khh[sZ_l gZ wlhl jZa m`_

k\h_fm jh^bl_ev qlh _]h \_l\v iheghklvx ijhgmf_jh\ZgZ � LZdbf h[jZahf \ j_amevlZl_

h[oh^Z ^_j_\Z ³k ijh\Zeb\Zgb_f ^h gbaZ 
 dZ`^hfm maem �mkljhckl\m� gZagZqZ_lky k\hc Z^j_k�

Ihke_^gbf Z^j_k ihemqZ_l dhjg_\hc ma_e�
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������ ����!

������ ��� "
������ ����#

DZ`^uc ba maeh\ kjZam `_ ihke_ ihkuedb kb]gZeZ ,GHQWLILFDWL $�%'&�$�%	( ihkueZ_l

k\h_fm jh^bl_evkdhfm maem bgnhjfZpbx h fZdkbfZevghc ih^^_j`b\Z_fhc bf kdhjhklb b

ihemqZ_l hl g_]h \ hl\_l ZgZeh]bqgmx bgnhjfZpbx�

<ihke_^kl\bb maeu dhlhju_ [m^ml \uihegylv jheb f_g_^`_jZ rbgu �%XV

PDQDJH)+* b f_g_^`_jZ bahojhgguo j_kmjkh\ �,VRFKURQRX , UHVRXU -.( PDQDJH)+* gZ hkgh\Zgbb

bgnhjfZpbb / kh[jZgghc ba iZd_lh\ i_j_^Zgguo jZaebqgufb maeZfb \ ijhp_kk_ ijhp_^mju

6HO 0 LGHQWLILFDWL $�% k^_eZxl ^hklmigufb ^ey ^jm]bo maeh\ ³dZjlm kdhjhkl_c 1 b ko_fm

lhiheh]bb rbgu�

 Self ID iZd_lu lZd `_ \dexqZxl \ k_[y bgnhjfZpbx h ihjlZo mkljhckl\Z b

bf_xl nbdkbjh\Zggmx ^ebgm � 243 [blZ� / ihwlhfm / mkljhckl\Z / bf_xsb_ fgh]h ihjlh\ fh]ml

i_j_^Z\Zlv kjZam g_kdhevdh 6HO 0 ,5 iZd_lh\ 6 mkljhckl\Z k qbkehf ihjlh\ hl 7 ^h 8�8 i_j_^Zxl

3 iZdl_Z / Z mkljhckl\Z k qbkehf ihjlh\ hl 893 ^h 8;: �fZdkbfZevgh \hafh`gh]h* i_j_^Zxl �

iZd_lZ < Ijb wlhf \k_ ihke_^mxsb_ iZd_lu / bf_xl kljmdlmjm / bgmx q_f kZfuc i_j\uc iZd_l�

gZau\Z_fuc �6HO 0 ,5 3DFNH = =HUR��

< 06 > ij_^klZ\e_gbb �kgZqZeZ l^ml klZjrb_ [blu / Z ihlhf feZ^rb_* ���[blguc iZd_l 6HOI

,5 3DFNH = =HU $ bf__l ke_^mxsmx kljmdlmjm�

10 (2 bit) B^_glbnbdZlhj iZd_lZ �3,' * ^ey 6HO 0 ,'

iZd_lh\ \k_]^Z bf__l lZdh_ agZq_gb_

Physical ID  (6 bit) :^j_k / dhlhju ijbk\hbe k_[_ ^Zgguc ma_e

�mkljhckl\h�

0 (1 bit) >ey 6HO 0 ,5 3DFNH = =HU $ \k_]^Z ? �Z ^ey

ke_^mxsbo iZd_lh\ 6HO 0 ,5 3DFNH = \k_]^Z ��



Link active  (1 bit) NeZ`hd � mklZgZ\eb\Z_fuc \ aZ\bkbfhklb hl

lh]h � \dexq_gu eb /L ��� b 7UDQVDFWL � � mjh\gb�

^Zggh]h mkljhckl\Z

Gap count (6 bit)

PHY speed (2 bit) 00 100Mbit/sec; 01 100Mbit/sec and
200Mbit/sec; 10  100Mbit/sec,  200Mbit/sec,
���0ELW�VHF � ��� H[WHQGH � VSHHG � lhqgmx

bgnhjfZpbx fh`gh kqblZlv ba 3+<

j_]bkljh\ ^Zggh]h mkljhckl\Z�

PHY delay (2 bit)

Contender (1 bit) ?keb wlhl neZ] mklZgh\e_g /L 	�
 DFWLYH � lh

^Zgguc ma_e ih^oh^bl ^ey \uiheg_gby jheb

f_g_^`_jZ rbgu beb f_g_^`_jZ bahojhgguo

j_kmjkh\

Power class (3 bit) ����� ma_e g_ bkihevam_l iblZgb_ ba rbgu b g_

i_j_^Z_l _]h \ rbgm

��� � ma_e bf__l kh[kl\_ggh_ iblZgb_ b fh`_l

hl^Z\Zlv \ rbgm g_ f_g__ �
� \l�

� � � ma_e bf__l kh[kl\_ggh_ iblZgb_ b fh`_l

hl^Z\Zlv \ rbgm g_ f_g__ � � \l�

� ��� ma_e bf__l kh[kl\_ggh_ iblZgb_ b fh`_l

hl^Z\Zlv \ rbgm g_ f_g__ � � \l�

� � � aZj_a_j\bjh\Zgh ^ey bkihevah\Zgby \

ke_^mxsbo j_ZebaZpbyo

��� � ma_e bkihevam_l iblZgb_ rbgu b ^ey lh]h

qlh[u _]h /L 	�
 mjh\_gv fh] jZ[hlZlv maem

lj_[m_lky g_ [he__ � \l�

����� ma_e bkihevam_l iblZgb_ rbgu b ^ey lh]h

qlh[u _]h /L 	�
 mjh\_gv fh] jZ[hlZlv maem

lj_[m_lky g_ [he__ � \l � ijb wlhf _s_ � \l�

Fh]ml ihlj_[eylvky ijb \udexq_gghf /LQN

mjh\g_�

Port numbers p0,p1,p2 (6 bit) >ey dZ`^h]h ba ihjlh\ � [blZ hij_^_eyxl _]h

khklhygb_�

��� ih^dexq_g d ^hq_jg_fm maem

� � ih^dexq_g d jh^bl_evkdhfm maem

� � g_ Zdlb\_g �g_ ih^dexq_g��aZij_s_g b�l�i��

��� ihjl hlkmlkl\m_l

Initiated reset (1 bit) MklZgh\e_g _keb ^Zgguc ma_e bgbpbbjh\Ze

l_dmsmx i_j_bgbpbZebaZpbx rbgu �%XV

reset)

More packets (1 bit) MklZgh\e_g _keb aZ wlbf 6HO � ,� SDFNHW

ke_^mxl _s_ ^jm]b_�



IZd_lu 6HO � ,� k ghf_jZfb � b � bf_xl koh^gmx kljmdlmjm khhl\_lkl\_ggh�

10

Physical ID
(6 bit)

1

N (3 bit),
ghf_j

iZd_lZ �

r (2 bit) p3...p10 (16
bit)

khklhygby

ihjlh\

I (1 bit) M (1 bit)

10

Physical ID (6
bit)

1

N (3 bit),
ghf_j iZd_lZ

2

r (2 bit) p11...p15 (16
ELW��khklhyg

by ihjlh\

AZj_a_j\bjh\

Zgh � ��� LW�



I_j_^ZqZ iZd_lh\

USB.

LZcfkehlu��kh\f_klbfhklv klZg^Zjlh\��ljZgaZdpbb�

I_j_^ZqZ \k_o iZd_lh\ ih rbg_ 86% � dZd m`_ ]h\hjbehkv � ijhbkoh^bl ih

dhfZg^_ ohklZ � gZqZeh dZ`^h]h lZcfkehlZ � gZau\Z_fh]h IUDPH � fZjdbjm_lky ihkuedhc ohklhf

ki_pbZevgh]h iZd_lZ 62
�

�VWDWU � R ����� DPH� � Ih^dexq_ggu_ d rbg_ mkljhckl\Z fh]ml

bkihevah\Zlv 62
�

^ey dhjj_dpbb k\hfo \gmlj_ggbo qZkh\ � >ebl_evghklv lZcfkehlZ �nj_cfZ�

86%�� � khklZ\ey_l 	 fbeebk_dmg^m� lZcfkehlu 86%�� � ijbgylh gZau\Zlv fbdjhnj_cfZfb

�PLFURIUDPH� � bo ^ebl_evghklv khklZ\ey_l 	�

� fbdjhk_dmg^ � >ey ^hklb`_gby kh\f_klbfhklb

h[hbo klZg^Zjlh\ +8%�mkljhckl\Z 86%�� � b bkihevamxl f_oZgbaf dhg\_jkbb ljZgaZdpby

ijb i_j_^Zq_ ^Zgguo f_`^m ohklhf b mkljhckl\Zfb 86%�� � �lh _klv mkljhckl\Zfb

bkihevamxsbfb kdhjhklb OR � VS ��� b IX ��� VSHHG��

Jbkmghd (USB farames b microframes)

Ohkl bgbpbbjm_l i_j_^Zqm ^Zgguo mkljhckl\Zf �287 � beb hl mkljhckl\ �,1 � ijb

ihfhsb ki_pbZevgh]h iZd_lZ � gZau\Z_fh]h 7RNHQ�iZd_l � Wlhl iZd_l kh^_j`bl Z^j_k

mkljhckl\Z dhlhjh_ ^he`gh ihemqblv beb i_j_^Zlv ^Zggu_ b ghf_j eh]bq_kdh]h dZgZeZ

�HQGSRLQW�Z � \gmljb wlh]h mkljhckl\Z��Mkljhckl\h fh`_l ih^l\_j^blv ]hlh\ghklv ijb ihfhsb

iZd_lZ $& � �DFNQRZOHGJH � beb khh[sblv ohklm lhf � qlh hgh _s_ g_ ]hlh\h ^ey i_j_^Zqb beb

ijb_fZ hq_j_^gh]h iZd_lZ � < kemqZ_ _keb lj_[m_lky ihemqblv ^Zggu_ hl mkljhckl\Z �,1�

ljZgaZdpby� � ohkl fh`_l ihiulZlvky k^_eZlv wlh _s_ jZa iha^g__ � Ijb i_j_^Zq_ ^Zgguo hl

ohklZ d mkljhckl\m �287�ljZgaZdpby� _keb ih ijbqbg_ g_]hlh\ghklb ijbgylv ^Zggu_

mkljhckl\h \_jg_l 1$&. � ohkl ^he`_g [m^_l ih\lhjblv ikhkuedm iZd_lZ q_j_a g_dhlhjh_

\j_fy � < kemqZ_ 86%�� � _keb mkljhckl\h hdZ`_lky g_]hlh\h g_kdhevdh jZa ih^jy^ � dZ`^uc

jZa ohkl [m^_l i_j_^Z\Zlv ihke_^gbc g_ijbgyluc wlbf mkljhckl\hf iZd_l � l_f kZfuf

aZgbfZy \j_fy hl lZcfkehlZ � dhlhjh_ fh]eh [u [ulv bkihevah\Zgh ^ey k\yab k ^jm]bf

mkljhckl\Zfb � < 86%�� � wlZ ijh[e_fZ j_rZ_lky ijb ihfhsb 3LQJ�iZd_lh\ � iha\heyxsbo

magZlv ]hlh\h eb mkljhckl\h d ijb_fm ^Zgguo ^ey \u[jZggh]h eh]bq_kdh]h dZgZeZ [_a

i_j_^Zqb kZfbo ^Zgguo � WlZ hkh[_gghklv hlghkblky \ i_j\mx hq_j_^v d Zkbgojhgghc

i_j_^Zq_ EXON � ^ey bahojhgghc i_j_^Zqb �LVRFKURQ � \ kbem lh]h � qlh g_l ih^l\_j`^_gby

i_j_^Zqb �KDQGVKDNH � ih^h[gZy kblmZpby \hagbdgmlv g_ fh`_l�



Gbadhkdhjhklgu_ mkljhckl\Z �OR � VSHH
���

��0ELW�VHF � fh]ml bkihevah\Zlv lhevdh

FRQWUR � b LQWHUUXS � ljZgaZdpbb � dhlhju_ \ p_ehf \_^ml k_[y ZgZeh]bqgh 28 � b ,	 ljZgaZdpbyf

lbiZ EXON 
 Ijb i_j_^Zq_ iZd_lh\ ^ey [he__ [ukljuo mkljhckl\ �IX ��� VSHH � 86%�� � b KLJ
 VSHHG
86%��� � +8%�mkljhckl\Z g_ i_j_^Zxl wlb iZd_lu q_j_a ihjlu � d dhlhjuf ih^dexq_gu ORZ

VSHH
�

mkljhckl\Z 
 Ijb wlhf dh]^Z i_j_^Zxlky ^Zggu_ ^ey kZfbo OR� VSHH
�

mkljhckl\ \

khklZ\_ iZd_lh\ bkihevam_lky _s_ ki_pbZevguc ij_nbdk � iha\heyxsbc +8%�Zf hij_^_eblv

qlh iZd_l ke_^m_l j_ljZgkebjh\Zlv gZ gbadhc kdhjhklb�

Ih^l\_j`^_gb_ i_j_^Zqb ijhbkoh^bl ijb ihfhsb KDQGVKDN � iZd_lh\ � $&.�
1$&.��67$//��Ohkl gbdh]^Z g_ fh`_l ihkeZlv mkljhckl\m1$&.��\f_klh wlh]h hg ijhklh g_

ihkueZ_l gbdZdh]h KDQGVKDN � iZd_lZ � Mkljhckl\h fh`_l \_jgmlv iZd_l 67$ ��� _keb

ijhbahreZ hrb[dZ � lj_[mxsZy \f_rZl_evkl\Z ohklZ ^ey i_j_bgbpbZebaZpbb dZdh]h�eb[h

j_kmjkZ \ wlhf mkljhckl\_ � k\yaZggh]h k eh]bq_kdbf dZgZehf \ mkljhckl\_ � ^ey dhlhjh]h

ij_^gZagZqZeky iZd_l�

KljmdlmjZ b lbiu bkihevam_fuo iZd_lh\

<k_ iZd_lu gZqbgZxlky k ihey 6<1& � dhlhjh_ kem`bl ^ey lh]h � qlh[u

mkljhckl\Z fh]eb kbgojhgbabjh\Zlv k\hc \gmlj_ggbc kq_lqbd [blh\ k i_j_^Z\Z_fuf

iZd_lhf 
 >ey wlh]h bkihevam_lky ihke_^h\Zl_evghklv � kh^_j`ZsZy fZdkbfZevgh_ dhebq_kl\h

i_j_oh^h\ f_`^m mjh\gyfb eh]bq_kdbo gmey b _^bgbpu 
 >ey bkihevam_fhc 15= � dh^bjh\db

ijb i_j_^Zq_ [Zclh\ �ih^jh[g__ \ ]eZ\_ ijh we_dljbq_kdb_ oZjZdl_jbklbdb� \ dZq_kl\_ lZdhc

ihke_^h\Zl_evghklb bkihevam_lky kljhdZ ³.-.-.-..´�

Djhf_ lh]h dZ`^uc iZd_l \ aZ\bkbfhklb hl lbiZ �b khhl\_lkl\_ggh gZagZq_gby�

fh`_l kh^_j`Zlv ke_^mxsmx bgnhjfZpbx � ��o [blh\uc b^_glbnbdZlhj iZd_lZ �3,'��

k_fb[blguc Z^j_k mkljhckl\Z � q_luj_o[blh\uc ghf_j eh]bq_kdh]h dZgZeZ �HQGSRLQW� � ^Zggu_

kh^_j`bfh]h iZd_lZ � dhgljhevgmx kmffm &5& � h^bggZ^pZlb[blh\uc pbdebq_kdbc ghf_j

nj_cfZ �lhevdh ^ey 62 � iZd_lh\��

B^_glbnbdZlhj iZd_lZ \k_]^Z ke_^m_l aZ 6<1 � b y\ey_lky h[yaZl_evguf

Zljb[mlhf iZd_lZ � <ke_^ aZ 3,� ij_^Z_lky _]h kh[kl\_ggZy �g_aZ\bkbfZy hl &5&�

q_luj_o[Zclh\Zy dhgljhevgZy kmffZ � < aZ\bkbfhklb hl lbiZ iZd_lZ b \_jkbb j_ZebaZpbb

86%��\hafh`gu_ agZq_gby 3,� i_j_qbke_gu \ lZ[ebp_�

Lbi iZd_lZ GZa\Zgb_

PID
AgZq_gb_

PID
HibkZgb_

Token OUT

_

IN

_

SOF

_

SETUP

0001B

_

1001B

_

0101B

_

1101B

:^j_k � ghf_j HQGSRLQW�Z ijb i_j_^Zq_ \ mkljhckl\h

:^j_k � ghf_j HQGSRLQW�Z ijb i_j_^Zq_ ba mkljhckl\Z

FZjd_j gZqZeZ nj_cfZ � ghf_j nj_cfZ

:^j_k � ghf_j HQGSRLQW�Z ^ey ljZgaZdpbb lbiZ FRQWURO



Lbi iZd_lZ GZa\Zgb_

PID
AgZq_gb_

PID
HibkZgb_

Data DATA0

_

DATA1

_

DATA2

_

MDATA

001B

_

1011B

_

0111B

_

1111B

IZd_l ^Zgguo kq_lguf ghf_jhf�

IZd_l ^Zgguo k g_q_lguf ghf_jhf�

>Zggu_ KLJ� VSHH � ljZgaZdpbb lbiZ EXO � beb LVRFKU ��� \

fbdjhnj_cf_�

Lh `_��\dexqZy VSOLW�ljZgaZdpbb�

Handshake ACK

_

NACK

_

STALL

_

NYET

0010B

_

1010B

_

1110B

_

0110B

>Zggu_ ihemq_gu [_a hrb[hd

Mkljhckl\h g_ ]hlh\h ijbgylv beb ihkeZlv ^Zggu_

Mkljhckl\h hklZgh\beh i_j_^Zqm l�d � Lj_[m_lky

\f_rZl_evkl\h ^ey mkljZg_gby hrb[db�

Mkljhckl\h _s_ g_ ]hlh\h i_j_^Zlv ^Zggu_ �ijb jZ[hl_

k SLQ � iZd_lZfb 86%����

Special PRE

ERR

SPLIT

PING

AZj_a_j\bj

h\Zgh

1100B

1100B

1000B

0100B

0000B

Ij_nbdk i_j_^Zqb ^ey OR� VSHH � mkljhckl\

�agZq_gb_ kh\iZ^Z_l k (55�

+DQGVKDN 	 hrb[dZ ^ey VS 
���
 lZjgaZdpbc�

86%�� � � DQGVKDN 	 iZd_l ^ey ijh\_jdb ]hlh\ghklb

mkljhckl\ i_j_^Zlv ^Zgguc lbiZ EXON�FRQWURO

6SOLW�ljZgaZdpbb
6SOLW�ljZgaZdpbb \ 86 � ij_^gZagZq_gu ^ey bkihevah\Zgby f_`^m ohklhf b +8%

mkljhckl\Zfb � LjZgaZdpbb wlh]h lbiZ bkihevamxlky \ dZq_kl\_ \kihfh]Zl_evgh]h f_oZgbafZ�

dh]^Z mkljhckl\Z IXOO�VSHH � beb ORZ�VSHH � ih^dexq_gu d +8% � jZ[hlZxs_fm \ j_`bf_ KLJK�

VSHHG � Kmlv VSOLW�ljZgaZdpbb khklhbl \ lhf � qlh aZijhk b hl\_l jZa^_e_gu \h \j_f_gb � l_f

kZfuf hklZ\eyy \hafh`ghklv rbg_ bkihevah\Zlv k\hx ijhimkdgmx kihkh[ghklv f_`^m

aZijhkhf b hl\_lhf ^ey h[kem`b\Zgby ^jm]bo mkljhckl\ �f_oZgbaf VSOLW�ljZgaZdpbc

kms_kl\m_l lZd `_ b ^ey )LUH:LUH��



Ijb jZ[hl_ k f_^e_gguf �ORZ�VSHH � beb KLJK�VSHHG � mkljhckl\hf ohkl fh`_l

gZqZlv ex[mx i_j_^Zqm ^ey wlh]h mkljhckl\Z ijb ihfhsb VSOLW�VWDU � dhfZg^u ^ey +8% � d

dhlhjhfm ih^dexq_gh ^Zggh_ mkljhckl\h � Ijb wlhf ihkdhevdm hl\_l hl mkljhckl\Z fh`_l

ihklmiblv kms_kl\_ggh iha`_ �ih f_jdZf kdhjhkl_c i_j_^Zqb 86%� � ohkl \ ihke_^kl\bb

fh`_l ihemqblv hl\_l hl mkljhckl\Z ijb ihfhsb VSOLW�FRPSOHW � dhfZg^u ^ey +8%�

Kms_kl\h\Zgb_ VSOLW�ljZgaZdpbc lZdbf h[jZahf g_aZf_lgh ^ey \k_o mkljhckl\ djhf_ +8%�h\�

ih^^_j`b\Zxsbo KLJK�VSHH � i_j_^Zqm�

Jbkmgdb �VSOLW�ljZgaZdpbb ^ey , � b 28 � gZijZ\e_gbc�



HibkZgb_ ljZgaZdpbc ^ey jZaguo lbih\ i_j_^Zqb ^Zgguo 86 � �EXON��LVRFKURQ��FRQWURO�

interrupt)

>ey dZ`^h]h lbiZ i_j_^Zqb \u^_eyxl ^\Z lbiZ ljZgaZdpbc ,� �i_j_^ZqZ iZd_lh\

hl mkljhckl\Z d ohklm� b 28 � �i_j_^ZqZ ^Zgguo hl ohklZ d mkljhckl\m� � H^gZdh \

aZ\bkbfhklb hl lbiZ �EXON � LVRFKURQ � FRQWURO � LQWHUUXSW � ijhlhdhe h[f_gZ iZd_lZfb ^Zgguo

fh`_l kms_kl\_ggh hlebqZlvky��JZkkfhljbf ih^jh[g__ dZ`^uc ba lbih\�

%XO � ljZgaZdpbb

Bulk h[_ki_qb\Z_l i_j_^Zqm ^Zgguo k ih^l\_j`^_gb_f b ih\lhjghc i_j_^Zq_c \

kemqZ_ \hagbdgh\_gby hrb[hd �]ZjZglbjh\ZggZy ^hklZ\dZ� � Ijb wlhf ^Zggu_ i_j_^Zxlky

ihlhdhf h^bg iZd_l \ke_^ aZ ^jm]bf � DZ`^uc EXO � HQGSRLQ � \ mkljhckl\_ bf__l lbi ,� eb[h

28 � b khhl\_lkl\_ggh ij_^gZagZq_g ^ey i_j_^Zqb ^Zgguo lhevdh \ h^ghf gZijZ\e_gbb�

Hl\_l 1$& 	 hl mkljhckl\Z gZ WRNH
 iZd_l hagZqZ_l qlh iZd_l ihemq_g [_a hrb[hd hgh _s_ g_

]hlh\h d ijb_fm beb i_j_^Zq_ ^Zgguo b ihwlhfm ohklm ke_^m_l ih\lhjblv ihiuldm q_j_a

g_dhlhj_ \j_fy � Khhl\_lkl\_ggh hl\_l 1$& 	 gZ iZd_l k ^Zggufb hl ohklZ �287 � hagZqZ_l



qlh ^Zggu_ ohkl ^he`_g ihkeZlv ^Zggu_ _s_ jZa g_kdhevdh iha`_ � ?keb mkljhckl\h ^h\hevgh

f_^e_ggh_ � lh ihke_^g__ fh`_l ijb\h^blv d g_hijZ\^Zgghfm jZkoh^m ijhimkdghc

kihkh[ghklb rbgu
�

Ihwlhfm \ 86%�� � ij_^mkfhlj_g ki_pbZevguc lbi iZd_lh\ SLQJ�

ij_^gZagZq_gguo ^ey ijh\_jdb khklhygby ]hlh\ghklb mkljhckl\Z � ;eZ]h^Zjy wlhfm

f_oZgbafm� ohkl fh`_l g_ ijhba\h^blv ih\lhjgmx ihkuedm iZd_lZ ^Zgguo ihdZ g_ ihemqbl

bgnhjfZpbx h ]hlh\ghklb mkljhckl\Z�

< kemqZ_ _keb dZdhc�eb[h iZd_l lj_[m_l ih\lhjghc i_j_^Zqb �hl\_lguc

KDQGVKDN � iZd_l g_ ihemq_g � ohkl fh`_l ihiulZlvky ijhba\_klb ih\lhjgmx ihkuedm beb

ijb_f iZd_lZ � Hl\_l KDQGVKDN � 67$ ��� hagZqZ_l qlh ijhbahreZ hrb[dZ � lj_[mxsZy

\f_rZl_evkl\Z IH ^ey \hkklZgh\e_gby khklhygby mkljhckl\Z � Ijb mki_rghf ihemq_gbb

iZd_lZ ^Zgguo ohkl lZd `_ hl\_qZ_l mkljhckl\m$&.�

Ijhp_^mjZ i_j_^Zqb iZd_lZ �dZd fu \b^_eb � ^_eblky gZ ljb klZ^bb �
	 RNHQ � GDW � b KDQGVKDNH�

<_kv wlhl f_oZgbaf h[_ki_qb\Z_l ]ZjZglbjh\Zggmx ^hklZ\dm iZd_lh\ \ l_q_gbb g_

]ZjZglbjh\Zggh]h \j_f_gb � GZ ijZdlbd_ wlh hagZqZ_l qlh hrb[db i_j_^Zqb \ueb\Zxlky \

m\_ebq_ggh_ \j_fy � ihwlhfm mkljhckl\Z dlhjuf g_h[oh^bf g_ij_ju\guc ihlhd ^Zgguo g_

kh^_j`Zsbo hrb[db �gZijbf_j lZdb_ dZd mkljhckl\Z akibkb &'520 � ^he`gu bf_lv

^hklZlhqgh [hevrhc \gmlj_ggbc [mn_j ^ey dhfi_gkZpbb \j_f_gguo aZ^_j`_d � djhf_ lh]h

hgb ^he`gu klZjZlvky ^_j`Zlv wlhl [mn_j aZiheg_gguf �\ qZklghklb gZqbgZlv ijhp_kk

aZibkb lhevdh ihke_ lh]h � dZd ihemqZl hl ohklZ ^hklZlhqguc h[t_f ^Zgguo� � Djhf_ lh]h � gZ

ijbf_j_ &'5�: � kdhjhklv aZibkb gZ ^bkd ^he`gZ [ulv g_ kebrdhf \ukhdhc qlh[u

ih^dZqdZ hklZ\rboky ^Zgguo \ [mn_j fh]eZ [ulv ijhba\_^_gZ aZ \j_fy aZibkb ^Zgguo � m`_

gZoh^ysboky \ [mn_j_ � Ihgylgh qlh \uiheg_gb_ wlbo mkeh\bc kbevgh aZ\bkbl hl kdhjhklb

i_j_^Zqb��h[s_]h dhebq_kl\Z i_j_^Z\Z_fuo ^Zgguo b h[t_fZ [mn_jZ b \ ijbgpbi_ ih^^Z_lky

hp_gd_ \ dZ`^hf dhgdj_lghf kemqZ_ � Ihwlhfm _keb fu ohlbf ba[_`Zlv ³b]ju \ Jmkkdmx

jme_ldm� gZf ke_^m_l \u[jZlv kdhjhklv aZibkb gb`_ kj_^g_c kdhjhklb i_j_^Zqb EXO 
 q_j_a

rbgm 86% � Ihke_^g__ � \ kbem lh]h qlh dZgZeu EXO 
 g_ bf_xl \u^_e_gghc ki_pbZevgh ih^

dZ`^uc dZgZe ihehku ijhimkdZgby gZ rbg_ Z dhgdmjbjmxl aZ g__ \ ijhp_kk_ jZ[hlu�

\hh[s_ ]h\hjy g_ ba[Z\ey_l gZk hl \hafh`guo ijh[e_f � k\yaZgguo k gZebqb_f ^jm]bo

mkljhckl\ �dhlhju_ fh]ml \ kZfuc g_ih^oh^ysbc fhf_gl aZohl_lv i_j_^Zlv [hevrhc h[t_f

bgnhjfZpbb� � Lml g_\hevgh ohq_lky \kihfgblv \j_f_gZ klZjh]h ^h[jh]h h^ghaZ^Zqgh]h

DOS.
Ke_^mxsbc jbkmghd beexkljbjm_l ljZgaZdpbb lbiZ EXON�

Jbkmghd �EXO � ljZgaZdpbb�



&RQWUR � ljZgaZdpbb �

LjZgaZdpby FRQWUR � khklhbl ba lj_o wlZih\ � VHWXS � GDW � b VWDWXV � Ohkl gZqbgZ_l

ljZgaZdpbx ihkuedhc iZd_lZ 6(783 � ijb wlhf i_j_^Z_lky bgnhjfZpby h gZijZ\e_gbb

i_j_^Zqb �,� beb 287 � b ij_^iheZ]Z_fh_ dhebq_kl\h [Zcl ^Zgguo � GZ wlZi_ GDW � �lZdh\hc

fh`_l hlkmlkl\h\Zlv _keb g_l ^Zgguo ^ey i_j_^Zqb� i_j_^Zxlky ^Zggu_ \ \u[jZgghf

gZijZ\e_gbb � \hafh`gh dhebq_kl\h ^Zgguo [m^_l [hevr_ aZy\e_ggh]h b lh]^Z wlhl wlZi

[m^_l kh^_j`Zlv h^bg beb g_kdhevdh ^hihegbl_evguo iZd_lh\ ^Zgguo � Lj_lbc wlZi VWDX � ±
i_j_^ZqZ iZd_lZ � kh^_j`Zs_]h hl\_l � \ h[jZlghf gZijZ\e_gbb � AZ\_jrZ_l \_kv ijhp_kk

h[uqgZy KDQGVKDN 	 ijhp_^mjZ �1$& 
 hagZqZ_l qlh mkljhckl\h g_ ]hlh\h � Z 67$ ��� hagZqZ_l

hrb[dm��

Mkljhckl\h � ihemqb\r__ WRNH
 iZd_l 6(78 � \ dhlhjhf mdZaZg ghf_j GHIDXOW

HQGSRLQ � �beb ghf_j ex[h]h ^jm]h]h FRQWUR � HQGSRLQW�Z � \ dZq_kl\_ ghf_jZ HQGSRLQW�Z h[yaZgh

ijbgylv wlhl iZd_l �KDQGVKDN 	 hl\_lu hl mkljhckl\Z 1$& 
 b 67$ ��� g_ ij_^iheZ]Zxlky � \

kemqZ_ hrb[db mkljhckl\h g_ \ha\jZsZ_l gbdZdh]h KDQGVKDN 	 iZd_lZ� � _keb \ dZq_kl\_ ghf_jZ

mdZaZg ghf_j HQGSRLQW�Z g_ih^oh^ys_]h lbiZ � mkljhckl\h ^he`gh ijhb]ghjbjh\Zlv iZd_l�

I_j_^ZqZ fh`_l [ulv jZa[blZ gZ g_kdhevdh iZd_lh\ � gh ijb wlhf ,� b 28 � iZd_lu gbdh]^Z

g_ kf_rb\Zxlky ihdZ g_ aZdhgqblky ljZgaZdpby �aZ bkdexq_gb_f iZd_lZ � i_j_^Z\Z_fh]h Z

wlZi_ VWDWXV� � NZdlbq_kdb wlh hagZqZ_l qlh ohkl g_ ihlj_[m_l hl mkljhckl\Z i_j_^Zqb ^Zgguo

�,1 � q_j_a FRQWUR � HQGSRLQ � ^h l_o ihj ihdZ kZf g_ aZ\_jrbl i_j_^Zqm �287��

Lbi i_j_^Zqb FRQWUR � ij_^gZagZqZ_lky g_ ^ey ihlhdh\hc � Z ^ey iZd_lghc

i_j_^Zqb � ihwlhfm iZd_lu FRQWUR � bf_xl hij_^_e_ggmx klZg^Zjlhf kljmdlmjm � \dexqZxsmx

bgnhjfZpbx h gZijZ\e_gbb i_j_^Zqb � gZagZq_gbb iZd_lZ � ^ebg_ \eh`_gguo ^Zgguo b�l�i�

Kms_kl\m_l p_euc jy^ kem`_[guo dhfZg^ � dhlhju_ fh]ml [ulv i_j_^Zgu q_j_a GHIDXOW

endpoint.

Jbkmghd �FRQWUR � ljZgaZdpbb�



< lZ[ebp_ ij_^klZ\e_gZ kljmdlmjZ aZ]heh\dZ iZd_lZ FRQWURO � ;blh\u_ kljmdlmju

ij_^klZ\e_gu \ \b^_ '��'����'���]^_ '
�

klZjrbc [bl�

Kf_s_gb_ \

[ZclZo

>ebgZ ihey Lbi GZa\Zgb_ ihey KljmdlmjZ

0 1

;blh\Zy fZkdZ bmRequestType '��gZijZ\e_gb_i_

j_^Zqb

  1 OUT

  0 IN

'�'� � lbi

  00 Standard

  01 Class

  10 Vendor

  11 Reserved

D4D0:ihemqZl_ev

1 1

agZq_gb_ bRequest Ki_pbnbq_kdbc

UHTXHVW��ih^jh[g__

\ ke_^mxsbo

lZ[ebpZo�



Kf_s_gb_ \

[ZclZo

>ebgZ ihey Lbi GZa\Zgb_ ihey KljmdlmjZ

2 2
agZq_gb_ wValue AZ\bkbl hl

bRequest

4 2

bg^_dk wIndex AZ\bkbl hl

E5HTXHV � �h[uqgh

g_dhlhjh_

kf_s_gb_�

6 2

Dhebq_kl\h

[Zclh\
wLength Dhebq_kl\h

i_j_^Z\Z_fuo

[Zcl ^Zgguo

Iheghklvx kljmdlmjZ FRQWUR � ijb\_^_gZ jZgvr_ � Bf_ggh gZa\Zgby ihe_c ba wlhc

lZ[ebpu b nb]mjbjmxl \ dZq_kl\_ gZa\Zgbc `_ Zj]mf_glh\ nmgdpbc ijh]jZffgh]h $3 � ^ey

jZ[hlu k rbghc 86% � <Z`gh mf_lv aZihegylv bo ijb jZ[hl_ k mkljhckl\hf kh]eZkh\Zgguf

h[jZahf � ihkdhevdm jZ[hlZ ijh]jZffu �beb ^jZc\_jZ� k mkljhckl\hf dZd ijZ\beh gZqbgZ_lky

k ihkuedb iZd_lZ \ GHIDX ��� HQGSRLQ � mkljhckl\Z � Ijb h[gZjm`_gbb rbghc mkljhckl\Z�

^jZc\_jZ gb`g_]h mjh\gy ih^^_j`db 86 � hi_jZpbhgghc kbkl_fu ihemqZxl bkihevamxl

GHIDX ��� HQGSRLQ � ^ey i_j\hgZqZevgh]h dhgnb]mjbjh\Zgby mkljhckl\Z b ihemq_gby jZaebqguo

k\_^_gbc h g_f � dhlhju_ ihke_ fh]ml [ulv ij_^hklZ\e_gu ijbdeh^ghc ijh]jZff_ beb

^jZc\_jm�

,QWHUUXS 	 ljZgaZdpbb�

Ohkl ihkueZ_l ,1�WRNH
 b mkljhckl\h \ hl\_l \ha\jZsZ_l eb[h iZd_l ^Zgguo�

eb[h 1$& � �_keb ^Zggu_ g_ ]hlh\u� � eb[h 67$ �
� �_keb ^Zggu_ g_ ]hlh\u� � Ihemqb\ iZd_l

ohkl lZd `_ hl\_qZ_l mkljhckl\m$&.�

Ijhp_^mjZ ZgZeh]bqgZ EXO � ljZgaZdpbb lbiZ ,1 � \dexqZy ]ZjZglbjh\Zggmx

^hklZ\dm ^Zgguo hl mkljhckl\Z d ohklm � LZdbf h[jZahf LQWHUUXS � ljZgaZdpby ij_^gZagZq_gZ

^ey i_j_^Zqb g_[hevrh]h dhebq_kl\Z ^Zgguo��gZijbf_j ^ey bkihevah\Zgby \ dZq_kl\_ dZgZeZ



h[jZlghc k\yab gZijbf_j ijb i_j_^Zq_ ^Zgguo ih bahojhgghfm dZgZem � Ijb wlhf ihkdhevdm

ohkl hijZrb\Z_l mkljhckl\h k qZklhlhc � dhlhjh_ mdZaZeh kZfh mkljhckl\h � LQWHUUXS � i_j_^ZqZ

fh`_l hdZaZlvky [he__ hi_jZlb\ghc q_f EXON�

>ey ORZVSHH � mkljhckl\ 86%�� � jZaj_r_ggufb lbiZfb i_j_^Zqb y\eyxlky

FRQWUR � b LQWHUUXS
�

b ihwlhfm ijhba\h^bl_eb mkljhckl\ g_j_^dh bkihevamxl LQWHUUXS
�

^ey

Zkbgojhgghc i_j_^Zqb ^Zgguo hl mkljhckl\Z d ohklm � Ijbf_jhf lZdh]h mkljhckl\Z fh`_l

kem`blv jb^_j qbih\uo dZjl $&(�� � �ijhba\h^kl\Z $GYDQFH � &DU � 6\VWHPV� � ^ey i_j_^Zqb

^Zgguo hl ohklZ d mkljhckl\m \ ^Zgghf kemqZ_ bkihevam_lky FRQWUR � i_j_^ZqZ�

< [he__ iha^gbo \_jkbyo ki_pbnbdZpbb �86%��� � ^h[Z\e_gh ihgylb_ LQWHUUXSW

i_j_^Zqb lbiZ 287 � Ih\b^bfhfm wlh [ueh k^_eZgh ^ey lh]h � qlh[u h[_ki_qblv [he__

m^h[guc kihkh[ jZ[hlu ^ey f_^e_gguo mkljhckl\ k l_f � qlh[u \f_klh _^bgkl\_ggh]h dZgZeZ

^ey i_j_^Zqb hl ohklZ d mkljhckl\m lbiZ FRQWUR � fh`gh [ueh bkihevah\Zlv b ^jm]b_ dZgZeu�

< qZklghklb lZdhc kihkh[ fh`_l bkihevah\Zlvky mkljhckl\Zfb � j_Zebamxsbfb ih\_jo 86%

ijbdeZ^ghc ijhlhdhe +,' � +,�
	 i_j_\h^blky dZd +XPD� ,QWHUI ��
�� 'YL 
�� b nhjfZebam_l

g_dhlhju_ h[sb_ k\hckl\Z f_^e_gguo mkljhckl\ lbiZ fur_c b ^`hcklbdh\�

,VRFKUR � ljZgaZdpbb�

Ohkl i_j_^Z_l mkljhckl\m ,1�28 � WRNH � iZd_l b \ke_^ aZ gbf ijbgbfZ_l iZd_l ^Zgguo

LVRFKURQ � GbdZdh]h KDQGVKDNH � gbdZdhc ih\lhjghc i_j_^Zqb � >hklZ\dZ ^Zgguo g_

]ZjZglbjh\ZgZ � h^gZdh ohkl bgbpbbjm_l i_j_^Zqm iZd_lh\ k ^hklZlhqghc qZklhlhc b

j_]meyjghklvx � qlh dZ`^uc bahojhgguc dZgZe ihemqZ_l hij_^_e_ggmx �aZy\e_ggmx

mkljhckl\hf� ihehkm ijhimkdZgby ^ey i_j_^Zqb � Ijb wlhf fZdkbfZevgZy eZl_glghklv ijb

i_j_^Zq_ hij_^_ey_lky lhevdh ^ebl_evghklvx lZcfkehlZ � dhlhjZy khklZ\ey_l �

fbeebk_dmg^Z ^ey 86%�� � b ����� fbdjhk_dmg^ ^ey 86%����

Jbkmghd �LVRFKUR � ljZgaZdpbb�





FireWire.

Mjh\gb ijhlhdheZ )LUH:LUH

Ki_pbnbdZpby )LUH:UDU � hij_^_ey_l ^ey ijhlhdheZ h[f_gZ ^Zggufb ke_^mxsb_ mjh\gb�

1.Ijh]jZffguc (Software diver)
2.Mjh\_gv ljZgaZdpbc (Transaction layer)
��Mjh\gv a\_gZ k\yab �/L � �

OD\HU�

��Mjh\_gv nbabq_kdh]h dZgZeZ k\yab �3K\VLFD ��� D\HU�
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Mjh\_gv ljZgaZdpbc �7UDQVDFWL ��� OD\H ��� \ kemqZ_ Zkbgojhgghc i_j_^Zqb ^Zgguo

h[_ki_qb\Z_l ]ZjZglbjh\Zggmx ^hklZ\dm iZd_lh\ aZ kq_l ihemq_gby i_j_^Zxsbf



mkljhckl\hf ih^l\_j`^_gby hl ijbgbfZxs_]h � Z lZd `_ aZ kq_l ih\lhjghc i_j_^Zqb \ kemqZ_

\hagbdgh\_gby hrb[hd�

Ijb bahojhgghc i_j_^Zq_ ]ZjZglbjh\Zgghc ^hklZ\db g_ lj_[m_lky b ihwlhfm

bahojhggu_ dZgZeu bkihevamxl ^ey k\yab /L
���

OD\H� gZijyfmx � >ey /L
���

OD\H� b 3K\VLFDO

OD\H� kms_kl\mxl qbih\ � j_Zebamxsb_ dZ`^uc ba wlbo mjh\g_c � We_dljbq_kdbc bgl_jn_ck

f_`^m wlbfb qbiZfb lZd `_ hij_^_ey_lky klZg^Zjlhf b ghkbl gZa\Zgb_ 2+& � �2SH � +RVW

Controller Interface) IEEE1394.

Jbkmghd �Eh]bq_kdZy hj]ZgbaZpby 2+&,������

DZd m`_ ]h\hjbehkv \h \\_^_gbb kh\hdmighklv ^ey )LUH:LU � \ lebqb_ hl 86 � gZ

eh]bq_kdhf mjh\g_ bkihevam_lky g_ iZjZ^b]fZ dZgZeh\ k\yab Z iZjZ^b]fZ h[eZklb iZfylb

ijhba\hevgh]h ^hklmiZ 	 ij_^klZ\eyxs_c kh\hdmighklv \k_o mkljhckl\ 
 Ihkdhevdm lZd `_ \

hlebqb_ hl 86 � g_ kms_kl\m_l \u^_e_ggh]h maeZ �ohklZ� 	 dhlhjuc [u hl\_qZe aZ

jZkij_^_e_gb_ \k_o j_kmjkh\ rbgu 	 \hagbdZ_l g_h[oh^bfhklv kbgojhgbaZpbb ijb ihiuld_

h^gh\j_f_ggh]h ^hklmiZ g_kdhevdbfb mkljhckl\Zfb d h^ghfm b lhfm `_ j_kmjkm �gZijbf_j

ihiuld_ h^gh\j_f_ggh Zeehdbjh\Zlv dZgZe b qZklv ihehku ijhimkdZgby ^ey bahojhgghc

i_j_^Zqb���Ih^h[gZy kblmZpby lj_[m_l hl mkljhckl\ g_mdhkgbl_evgh]h kh[ex^_gby ijhp_^mj�

hij_^_ey_fuo ,((( �
����� b \ agZqbl_evghc f_j_ ^_eZ_l j_ZebaZpbx )LUH:LU � [he__ keh`ghc

q_f j_ZebaZpby 86% 
 Kh[kl\_ggh ]h\hjy g_ m^b\bl_evgh qlh ijhba\h^bl_eb ³`_e_aZ´

)LUH:LU � qZklh mdZau\Zxl \ khklZ\_ dhgnb]mjZpbb k dZdbfb ^jm]bfb mkljhckl\Zfb

l_klbjh\Zehkv ij_^eZ]Z_fh_ bfb h[hjm^h\Zgb_ 
 LZd `_ bgh]^Z \ Bgl_jg_l fu fh`_f

ijhqblZlv khh[s_gby h g_kh\f_klbfhklb g_dhlhjuo mkljhckl\�

:kbgojhggu_ ljZgaZdpbb )LUH:LU � [u\Zxl lj_o lbih\�

��UHD ��� ql_gb_ ih mdZaZgghfm Z^j_km \bjlmZevgh]h Z^j_kgh]h ijhkljZgkl\Z

��ZULW ��� aZibkv ih mdZaZgghfm Z^j_km

��ORF� � lh `_ aZibkv gh k ijh\_jdhc khhl\_lkl\by ij_^u^ms_]h khklhygby aZibku\Z_fhc

h[eZklb g_dhlhjhc mdZaZgghc 
 �gZ kZfhf ^_e_ kms_kl\m_l g_kdhevdh \ZjbZglh\ ljZgaZdpbc

lbiZ ORFN 	 \dexqZxsbo jZaebqgu_ j_`bfu kjZ\g_gby b oZibkb ^Zgguo 	 gZijbf_j k

bkihevah\Zgb_f [blh\uo fZkhd�

I_j\u_ ^\Z kihkh[Z bkihevamxlky ^ey h[uqghc i_j_^Zqb ^Zgguo f_`^m



mkljhckl\Zfb � \ lh \j_fy dZd lj_lbc ij_^gZagZq_g ^ey bkihevah\Zgby \ l_o kemqZyo dh]^Z

g_h[oh^bfZ kbgojhgbaZpby ijb h^gh\j_f_gghf ^hklmi_ d jZa^_ey_fhfm j_kmjkm lZdhfm � dZd

gZijbf_j dZd ihehkZ ^ey bahojhgghc i_j_^Zqb�

LjZgaZdpby lbiZ ORF
�

aZ\_jrZ_lky mki_rgh _keb \ fhf_gl i_j_^ fhf_glhf

aZibkb l_dms__ khklhygb_ aZibku\Z_fhc h[eZklb kh\iZ^Z_l k g_dhlhjuf mdZaZgguf \ lhc `_

ljZgaZdpbb khklhygb_f � \ ijhlb\ghf kemqZ_ aZibkv g_ ijhbkoh^bl � LZdhc kihkh[ dZd jZa

bkihevam_lky mkljhckl\Zfb � dh]^Z hgb ohlyl baf_gblv khklhygb_ lZ[ebpu kh^_j`Zs_c

aZj_a_j\bjh\Zggmx ihehkm ijhimkdZgby b ghf_jZ Zeehdbjh\Zgguo dZgZeh\ � gZoh^ysmxky \

mkljhckl\_��\uihegyxs_f jhev f_g_^`_jZ bahojhgguo j_kmjjkh\�

IhehkZ ijhimkdZgby \u^_ey_lky \ l_jfbgZo khklZ\eyxsbo ^he_c \j_f_ggh]h

lZcfkehlZ � ^ebl_evghklv dhlhjh]h khklZ\ey_l ����� fbdjhk_dmg^ � DZd b ^ey rbgu 86 � lhevdh

ijbf_jgh �� 	 ihehku fh`_l [ulv \u^_e_gh ih^ bkihevah\Zgb_ bahojhggufb dZgZeZfb�

\_klv lZcfkehlZ jZa[b\Z_lky gZ 
���
�
 jZ\guo bgl_j\Zeh\ \j_f_gb ba dhlhjuo �����

khklZ\eyxsbo \f_kl_ ����� fbdjhk_dmg^ b fh]ml [ulv aZ^_ckl\h\Zgu ih^ bahojhggu_ dZgZeu�

H[s__ qbkeh h^gh\j_f_ggh Zeehdbjh\Zgguo dZgZeh\ fh`_l ^hklb]Zlv �� � Ijb wlhf

g_kdhevdh mkljhckl\ fh]ml h^gh\j_f_ggh ijbgbfZlv ^Zggu_ � i_j_^Z\Z_fu_ ih h^ghfm

dZgZem \ j_`bf_ EURDGFDVW � qlh fh`_l [ulv qj_a\uqZcgh ihe_agh _keb � gZijbf_j � ijb

i_j_^Zq_ \b^_hbah[jZ`_gby ba g_dhlhjh]h bklhqgbdZ gZ rbg_ lj_[m_lky h^gh\j_f_ggh

ijhba\h^blv _]h aZibkv h^gbf mkljhckl\hf b \hkijhba\_^_gb_ ^jm]bf � >ey kjZ\g_gby \

kbem k\h_c ³p_gljZebah\Zgghklb� 86 � \hh[s_ g_ h[eZ^Z_l lZdhc \hafh`ghklvx � dZd b

\hh[s_ \hafh`ghklvx h[f_gZ ^Zggufb f_`^m mkljhckl\Zfb gZijyfmx �fbgmy ohkl��

Kh[ex^_gb_ ijZ\bevghklb jZkij_^_e_gby \j_f_gb \h \j_fy h^gh]h lZcfkehlZ

f_`^m jZaebqgufb mkljhckl\Zfb ^hklb]Z_lky aZ kq_l khq_lZgby bkihevah\Zgby Zj[bljZ`Z

rbgu k bkihevah\Zgb_f [he__ dhjhldbo lZcfZmlh\ i_j_^ ihiuldhc aZo\ZlZ rbgu ^ey

i_j_^Zqb [he__ ijbhj_l_lguo iZd_lh\ q_f lZcfZmlh\ i_j_^ ihiuldhc aZo\ZlZ rbgu ^ey

i_j_^Zqb [he__ gbadhijbhj_l_lguo iZd_lh\�

Bahojhggu_ iZd_lu i_j_^Zxlky k gZb[hevrbf ijbhj_l_lhf � Z ^ey Zkbgojhgguo

^_ckl\m_l ³ijbgpbi kijZ\_^eb\hklb´ � Wlh hagZqZ_l qlh gZ ijhly`_gbb ����� fbdjhk_dmg^gh]h

lZcfkehlZ \k_ bahojhggu_ iZd_lu h[yaZl_evgh ^he`gu [ulv i_j_^Zgu � Z hklZ\r__ky \j_fy

fh`_l [ulv jZkij_^_e_gh f_`^m Zkbgojhggufb iZd_lZfb lZdbf h[jZahf qlh � _keb ihke_

lh]h dZd dZ`^h_ mkljhckl\h � `_eZ\r__ ij_^Zlv Zkbgojhgguc iZd_l wlh k^_eZ_l � hklZg_lky

^hihegbl_evgh_ \j_fy � lh \k_ mkljhckl\Z kfh]ml _s_ jZa gZqZlv Zkbgojhggmx i_j_^Zqm b lZd

^h dhgpZ lZcfkehlZ�

Kp_gZjbc ijb ihfhsb dhlhjh]h rbgZ j_Zebam_l wlb ijZ\beZ � ke_^mxsbc�

Hij_^_eyxspx jhev \ mklZgh\e_gbb ihjy^dZ i_j_^Zqb ^Zgguo jZaebqguo lbih\

�Zkbgojhgguo b bahojhgguo� mkljhckl\Zfb b]jZxl \_ebbqbgu \j_f_gguo aZ^_j`_d

�lZcfZmlh\� dhlhju_ gZqbgZxl hlkqblu\Zlvky dZ`^uf ba mkljhckl\ \ hlkmlkl\bb i_j_^Zqb

^Zgguo ih rbg_��i_j_qbke_ggu_ \ ke_^mxs_c lZ[ebp_�

Acknowledge Gap <j_fy f_`^m ihkuedhc Zkbgojhggh]h iZd_lZ b ihemq_gb_f

ih^l\_j`^_gby $& � �$FNQRZOHGJH���ij_^iheZ]Z_lky qlh \_v ijhp_kk

ijhbkoh^bl ZlhfZjgh����������� � fbdjhk_dmg^�

Isochronous Gap <j_fy ^h gZqZeZ \hafh`ghc ihiuldb ³aZo\ZlZ rbgu � mkljhckl\hf ijb

ihfhsb f_oZgbafh\ Zj[bljZ`Z ^ey ihkuedb bahojhggh]h iZd_lZ�

hlghkys_]hky d bahojhgghfm dZgZem i_j_^Zqb � Wlh \j_fy dhjhq_ q_f

6XEDFWL ��� *D� b q_f h[_ki_qb\Z_lky [he__ \ukhdbc ijbhjbl_l i_j_^Zqb

bahojhgguo iZd_lh\����������� � fbdjhk_dmg^�

Subaction Gap <j_fy ^h gZqZeZ \hafh`ghc ihiuldb ³aZo\ZlZ rbgu � mkljhckl\hf ijb

ihfhsb f_oZgbafh\ Zj[bljZ`Z ^ey ihkuedb Zkbgojhggh]h iZd_lZ�

�hdheh ��� fbdjhk_dmg^ \ aZ\bkbfhklb hl keh`ghklb lhiheh]bb rbgu�



Acknowledge Gap <j_fy f_`^m ihkuedhc Zkbgojhggh]h iZd_lZ b ihemq_gb_f

ih^l\_j`^_gby $& � �$FNQRZOHGJH���ij_^iheZ]Z_lky qlh \_v ijhp_kk

ijhbkoh^bl ZlhfZjgh����������� � fbdjhk_dmg^�

Arbitration Reset
Gap

Ijhf_`mlhd \j_f_gb ^h gZklmie_gby hq_j_^gh]h ijhf_`mldZ IDLUQHVV

LQWHUYDO � \ l_q_gbb dhlhjh]h rbgZ ]ZjZglbjm_l qlh dZ`^h_ mkljhckl\h

ihemqbl ³kijZ\_^eb\uc� ^hklmi d dZgZem ^ey i_j_^Zqb Zkbgojhggh]h

iZd_lZ��� ��� fbdjhk_dmg^�

GZ ijhly`_gbb h^gh]h lZcfkehlZ � � � � fbdjhk_dmg �̂ dZ`^h_ mkljhckl\h�

`_eZxs__ i_j_^Zlv bahojhgguc iZd_l bf__l \hafh`ghklv wlh k^_eZlv 	 >ey wlh]h lZdh_

mkljhckl\h � h[gZjm`b\ hlkmlkl\b_ Zdlb\ghklb gZ rbg_ �LGO 
 VWDWH � \ l_q_gbb bgl_j\ZeZ

,VRFKURQRX � *D� fh`_l ijhba\_klb ihiuldm ³aZo\ZlZ rbgu � qlh[u ijhba\_klb kh[kl\_ggmx

i_j_^Zqm 	 Ijb wlhf ihkdhevdm mkljhckl\Z dhlhju_ ohlyl ijhba\_klb Zkbgojhggmx i_j_^Zqm

h`b^Zxl khklhygby rbgu LGO 
 VWDW 
 \ l_q_gbb [he__ ^ebl_evgh]h bgl_j\ZeZ \j_f_gb

6XEDFWL 
�� *DS � gb h^bg Zkbgojhgguc iZd_l g_ kfh`_l [ulv i_j_^Zgguf \ l_q_gbb l_dms_]h

lZcfkehlZ ihdZ mkljhckl\Z `_eZxsb_ wlh k^_eZlv g_ i_j_^Z^ml bahojhggu_ iZd_lu�

<Z`gh lh � qlh \j_fy hl\_^_ggh_ ih^ bahojhggu_ iZd_lu kljh]h jZkkqblZgh

lZdbf h[jZahf qlh dZd fbgbfmf � � fbdjhk_dmg^ ^he`gh hklZlvky ^ey i_j_^Zqb Zkbgojhgguo

iZd_lh\�

>ey Zkbgojhgguo iZd_lh\ IDLUQH ��� LQWHUYD � h[_ki_qb\Z_l lZd gZau\Z_fmx

³jhlZpbhggmx ko_fm ijbhjbl_lh\´ � dhlhjZy hq_\b^gh ba\_klgZ qblZl_eyf agZdhfuf k

fh^_eyfb ijbhjbl_lh\ ^ey gbl_c �WKUHDGV � dhlhjZy hibku\Z_lky \ ebl_jZlmj_ ih

fgh]hihlhdh\hfm ijh]jZffbjh\Zgbx �\ qZklghklb gZijZ\ey_f qblZl_ey d ke_^mxs_c

ebl_jZlmj_ b bgl_jg_l j_kmjkZf >�@�

http://www.mikecramer.com/Qnx/momentics_nc_docs/neutrino/bookset.html,
, http://www.peterindia.net/MultithreadProgramming.html,
http://www.scis.nova.edu/~linje/cs770/mtweb.html,
http://java.sun.com/docs/books/tutorial/essential/threads/index.html� � < l_q_gbb IDLUQH ��� LQWHUYDO
dZ`^h_ mkljhckl\h ih`_eZ\r__ i_j_^Zlv Zkbgojhgguc iZd_l fh`_l k^_eZlv wlh h^bg ebrv

jZa � I_j_^Z\ iZd_l � mklZgZ\eb\Z_l \gmljb k_[y ki_pbZevguc neZ`hd �$UELWUDWL ��� HQDEO � ELW��
aZij_sZxsbc Zkbgojhggmx i_j_^Zqm � Wlhl neZ`hd k[jZku\Z_lky dh]^Z ih bkl_q_gbb

$UELWUDWL ��� 5HVH � *D� g_Zdlb\ghklb rbgu �LGO � VWDWH � mkljhckl\Z h[gZjm`b\Z_l hdhgqZgb_

fairness interval.
Bgh]^Z aZ kq_l lh]h qlh Zkbgojhgguc iZd_l[ i_j_^ZqZ dhlhjh]h gZqZeZkv i_j_^

kZfuf aZ\_jr_gb_f ����� fbdjhk_dmg^gh]h bgl_j\ZeZ � fh`_l aZlygmlvky \_klv pbde i_j_^Zqb

�wlh y\e_gb_ bf__l gZa\Zgb_ &\FO � VWDU � VNHZ� � < wlhf kemqZ_ \ l_q_gbb �� � ihke_^mxsbo

lZcfkehlh\ aZ^_j`dZ [m^_l gZ\_jklZgZ aZ kq_l mf_gvr_gby h[t_fZ i_j_^Z\Z_fuo

Zkbgojhgguo ^Zgguo�

Jbkmghd �BeexkljZpby ihjy^dZ i_j_^Zqb iZd_lh\ ih rbg_��dZd ke_^kl\b_ Zj[bljZ`Z�



>ey ³aZo\ZlZ rbgu � mkljhckl\h ihkueZ_l k\h_fm jh^bl_evkdhfm maem kb]gZe

7;B5(48(6
�

wlhl kb]gZe jZkijhkljZgy_lky ih rbg_ gZ\_jo \ klhjhgm \_jrbgu ^_j_\Z b \
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ihemqb\ iZd_l UHDG�ZULWH�ORF� \f_klh lh]h � qlh[u g_f_^e_ggh hl\_lblv gZ g_]h

khhl\_lkl\mxsbf h[jZahf � fh`_l ebrv ih^l\_j^blv ihemq_gb_ ijb ihfhsb $&. � Ihke_

aZ\_jr_gby hi_jZpbb wlh f_^e_ggh_ mkljhckl\h fh`_l hl^_evgh gZijZ\blv hl\_l

mkljhckl\m � h[jZlb\r_fmky d g_fm b ihemqblv hl \ k\hx hq_j_^v g_]h h[jZlgh $& � gZ k\hc

hl\_l � IhkuedZ hl\_lZ ijhbkoh^bl ijb wlhf gZ h[sbo hkgh\Zgbyo k bkihevah\Zgb_f

Zj[bljZ`Z � ihwlhfm f_`^m aZijhkhf b hl\_lhf rbgZ fh`_l k\h[h^gh bkihevah\Zlvky
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>ey deZkkbnbdZpbb 86
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mkljhckl\ ih hlghr_gbx d iblZxs_fm gZijy`_gbx

\\h^blky _^bgbpZ gZ]jmadb ih lhdm \_ebqbghc \ ����� fbeebZfi_j �\ aZ\bkbfhlb hl mkeh\bc

iblZxs__ gZijy`_gb_ \ jZaguo qZklyo rbgu fh`_l hdZou\Zlvky \ ^bZiZahg_ hl �� ��� ^h ����

\hevl��
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mkljhckl\Z iblZxsb_ky hl rbgu �ih^ wlbf ^ey 86
�

mkljhckl\ ihgbfZ_lky

bkihevah\Zgb_ gZijy`_gby ihiZ^Zxs_]h gZ mkljhckl\h q_j_a ihjl � gZijZ\e_gguc \ klhjhgm

ohklZ� � KZfh mkljhckl\h fh`_l ihlj_[eylv h^gm _^bgbpm �kf � \ur_ hij^_e_gb_	 \ l_q_gbb

\k_c jZ[hlu rbgu � Z lZd `_ _s_ 
 _^bgbp � dhlhju_ ^_eylky f_`^m \gmlj_ggbfb nmgdpbyfb

b mkljhckl\Zfb � ih^dexq_ggufb d ihjlZf � Ijb wlhf \ dZ`^uc ihjl fh`_l hl^Z\Zlvky g_

[he__ h^ghc _^bgbpu � Kb]gZeu fh]ml ijhoh^blv q_j_a +8
�

_keb hg gZoh^blky \ Zdlb\ghf

beb kiys_f khklhygbb � < kbem h]jZgbq_gghklb wg_j]_lbq_kdbo \hafh`ghkl_c ih^h[gu_

+8
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mkljhckl\Z h[uqgh \uihegyxl jhev jZa\_l\bl_e_c \ l_o kemqZyo � dh]^Z \ dhfivxl_j_

g_ ij_^mkfhlj_gh ^hklZlhqgh]h dhebq_kl\Z jZat_fh\ �\kljh_gguo 86
�

rbg beb ihjlh\ gZ

\kljh_gguo +8%��

2. +8
�

mkljhckl\Z k kh[kl\_guf bklhqgbdhf iblZgby fh]ml ihlj_[eylv h^gm _^bgbpm ^ey

ih^^_j`Zgby kihkh[ghklb i_j_^Z\Zlv kb]gZe \ kemqZ_ _keb kh[kl\_gguc bklhqgbd

iblZgby \udexq_g � < kiys_f j_`bf_ +8
�

^he`_g h[_ki_qb\Zlv g_ f_g__ 
 _^bguc ^ey

ih^dexq_gguo d g_fm mkljhckl\ � < khklhygbb Zdlb\ghklb dZ`^uc ihjl fh`_l ihemqZlv

g_ f_gg 
 _^bgbp � h^gZdh lhd � iblZgby ^ey h^gh]h ihjlZ g_ ^he`_g ij_\urZlv 
 Zfi_j�

IblZgb_ hl +8
�

fh`_l ih^Z\Zlvky lhevdh \ ihjlu gZijZ\e_ggu_ \ klhjhgm hl ohklZ � �lZd

`_ dZd mkljhckl\Z k Z\lhghfguf iblZgb_ g_ ^he`gu iulZlvky hl^Z\Zlv qZklv _]h

hklZevghc rbg_�

3. Mkljhckl\Z k iblZgb_f hl rbgu b gbadbf wg_j]hihlj_[e_gb_f � lZdb_ mkljhckl\Z

ihlj_[eyxl g_ [he__ h^ghc _^bgbpu fhsghklb b khojZgyxl jZ[hlhkihkh[ghklv ijb

ihgb`_gbb gZijy`_gby ^h fbgbfZevgh]h mjh\gy ��� � \hevl�

4. Mkljhckl\Z k [hevrbf ihlj_[e_gb_f fhsghklb ihlj_[eyxl \ iheghklvx \dexq_gghf

j_`bf_ ^h 
 _^bgbp b ^h � \ j_`bf_ k gbadbf ihlj_[e_gb_f � Ijb ih^dexq_gbb d rbg_

lZdb_ mkljhckl\Z ^he`gu gZqbgZlv jZ[hlm \ j_`bf_ k gbadbf ihlj_[e_gb_f b lZd `_ dZd

mkljhckl\Z ij_^u^ms_]h lbiZ khojZgylv jZ[hlhkihkh[ghklv ijb ihgb`_gghf

gZijy`_gbb � IH kfh`_l \dexqblv mkljhckl\h lhevdh _keb h[gZjm`bl qlh rbgZ h[eZ^Z_l

^hklZlhqgufb wg_j]_lbq_kdbfb j_kmjkZfb�

5. Mkljhckl\Z k kh[kl\_gguf bklhqgbdhf iblZgby fh]ml ihlj_[eylv lZd `_ g_ [he__ h^ghc

_^bgbpu iblZgby hl rbgu _keb hgb gZoh^ylky \ khklhygbb k \udexq_gguf kh[kl\_gguf

bklhqgbdhf�

Ihkdhevdm dZ`^h_ mkljhckl\h ijb bgbpbZebaZpbb khh[sZ_l ohklm k\hb

ihlj_[ghklb \ we_dljhwg_j]bb � \k_ mijZ\e_gb_ iblZgb_f mkljhckl\ gZ rbg_ jZkij_^_ey_lky

f_`^m IH ohklZ b nmgdpbyfb +8
�

mkljhckl\ � dhlhju_ bf_xl ki_pbZevgmx

nmgdpbhgZevghklv ^ey mijZ\e_gby hldexq_gb_f ihjlh\ � :iiZjZlgh_ h[_ki_q_gb_ kZfbo

dhfivxl_jh\ \ k\hx hq_j_^v kgZ[`_gh kihkh[ghklvx \u\h^blv kZf dhfivxl_j ba kiys_]h

j_`bfZ ijb h[gZjm`_gbb Zdlb\ghklb gZ rbg_ 86%�
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bklhqgbd iblZgby � gh b ihklZ\eylv iblZxs_ gZijy`_gb_ q_j_a rbgm ^jm]bf mkljhckl\Zf�

KlZg^Zjl ,(((
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hij_^_ey_l p_emx kbkl_fm mij_`^Zxs_]h hih\_s_gby h \hafh`ghc

ihl_j_ l_f beb bguf mkljhckl\hf kihkh[ghklb ihklZ\eylv iblZxs__ gZijy`_gb_ \ rbgm�

Kh_^bgbl_evgu_ dZ[_eb fh]ml dZd kh^_j`Zlv iZjm ijh\h^h\ � ij_^gZagZq_ggmx

^ey i_j_^Zqb iblZxs_]h gZijy`_gby � lZd b g_ kh^_j`Zlv lZdh\hc 	 < kbem wlh]h � \ky rbgZ

fh`_l jZa[b\Zlvky gZ hl^_evgu_ ^hf_gu � iblZgb_ dhlhjuo q_j_a rbgm h[_ki_qb\Z_lky

jZaebqgufb mkljhckl\Zfb beb ]jmiiZfb mkljhckl\�

K lhqdb aj_gby iblZxs_]h mijZ\e_gby iblZgb_f mkljhckl\Z \k_ mkljhckl\Z

fh`gh jZa^_eblv gZ ke_^mxsb_ dZl_]hjbb�

1. Bklhqgbdb iblZxs_]h gZijy`_gby

2. :evl_jgZlb\gu_ bklhqgbdb
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4. Mkljhckl\Z k kh[kl\_gguf iblZgb_f��g_ hlghkysb_ky d hklZevguf dZl_]hjbyf
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^hihegbl_evghc fhsghklb ^ey ih^^_j`Zgby Zdlb\guf mjh\gy /,��� g_

lj_[m_lky �bkihevam_lky mkljhckl\Zfb Zevl_jgZlb\gufb bklhqgbdZfb iblZgby�

Z lZd `_ mkljhckl\Zfb ihlj_[bl_eyfb�

101AZj_a_j\bjh\Zgh ^ey [m^msbo j_ZebaZpbc

110
Mkljhckl\h fh`_l bkihevah\Zlv ^h � \Zl fhsghklb iblZgby hl rbgu��^ey

ih^^_j`Zgby Zdlb\guf mjh\gy /,��� g_ lj_[m_lky _s_ � \Zl
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Mkljhckl\h fh`_l bkihevah\Zlv ^h � \Zl fhsghklb iblZgby hl rbgu��^ey

ih^^_j`Zgby Zdlb\guf mjh\gy /,��� g_ lj_[m_lky _s_ � \Zl

Mkljhckl\Z bklhqgbdb gZijy`_gby�

Mkljhckl\Z � y\eyxsb_ky bklhqgbdZfb iblZgby � dZd hkgh\gu_ � lZd b

Zevl_jgZlb\gu_ ^he`gu bf_lv � dhglZdlgu_ jZat_fu ������� �\dexqZxsb_ ijh\h^Z iblZgby��

>ey lh]h � qlh[u \ kemqZ_ _keb gZijy`_gb_ gZ ijh\h^Zo iblZgby \ rbg_ hdZ`_lky \ur_

gZijy`_gby \u^Z\Z_fh]h ^Zgguf mkljhckl\hf hkgh\guf bklhqgbdhf � mkljhckl\h g_

ih]ehsZeh wg_j]bx ba rbgu bkihevam_lky ^bh^gZy aZsblZ � <_jkby klZg^ZjlZ ,(((���������

ij_^mkfZljb\Z_l h^bg _^bgkl\_gguc ^bh^ � kh_^bgyxsbc \gmlj_ggbc bklhqgbd iblZgby

mkljhckl\Z k ihjlZfb � \ hlebqb_ hl wlh]h ,(((����  lj_[m_l gZebqby hl^_evgh]h ^bh^Z ^ey

dZ`^h]h ihjlZ � LZdbf h[jZahf ����  ij_^mkfZljb\Z_l qlh hkgh\ghc bklhqgbd jZa[b\Z_l

rbgm gZ ^hf_gu g_aZ\bkbfu_ ih iblZgbx ! \ kemqZ_ _keb bklhqgbd iblZgby hldexq_g�
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ih^ZqZ bklhqgbdhf iblZgby \ rbgm hldexq_gZ � mkljhckl\h fh`_l ij_^Z\Zlv gZkd\hav

kb]gZeu i_j_^Zqb^Zgguo � >ey wlh]h � jZamf__lky � ^he`_g [ulv \dexq_g mjh\_gv 3+< � h^gZdh

wg_j]by ^ey iblZgby kZfh]h 3
���

qbiZ g_ ^he`gZ [jZlvky ba rbgu � Mkljhckl\Z � kihkh[gu_

jZ[hlZlv \ lZdhf j_`bf_��aZy\eyxl 32:(5B&/$ ��� jZ\guc ��

>ey ,(((���� � lj_[h\Zgby d \u^Z\Z_fhfm iblZxs_fm gZijy`_gbx g_kdhevdh

hlebqZxlky hl ,(((��������� � FZdkbfZevguc lhd ^ey h^gh]h ihjlZ ^h �� � Zfi_j�

fZdkbfZevgh^himklbfh_ gZijy`_gb_ 	
	 \hevlZ � ^_\bZpby gZijy`_gby \ ^bZiZahg_ qZklhl hl�
dbeh]_jpZ ^h ��


 f_]Z]_jp g_ ^he`gZ ij_\urZlv

� 


 fbeeb\hevl � >ey mkljhckl\ bf_xsbo

32:(5B&/$ ��� �� � beb 	 fbgbfZevgh_ gZijy`_gb_ gZ \uoh^_ g_ f_g__ ��
 \hevl � ^ey

hklZevguo g_ f_g__ � \hevl�

Mkljhckl\Z Zevl_jgZlb\gu_ bklhqgbdb�

:evl_jgZlb\gu_ bklhqgbdb lZd `_ bf_xl � dhglZdlgu_ jZat_fu ihjlh\

�j_dhf_g^m_lky g_ f_g__ ^\mo ihjlh\� � Ih^dexq_gb_ ^bh^h\ khhl\_lkl\m_l ih^dexq_gbx bo

\ bklhqgbdZo ,(((��������� � lZdbf h[jZahf Zevl_jgZlb\gu_ bklhqgbdb fh]ml ijhimkdZlv

q_j_a k_[y iblZxs_ gZijy`_gb_ gZkd\hav � < kemqZ_ _keb kh[kl\_ggZy p_iv ih^Zqb

gZijy`_gby Zevl_jgZlb\gh]h bklhqgbdZ hldexq_gZ � ^ey lh]h qlh[u khojZgblv kihkh[ghklv

kihkh[ghklv i_j_^Z\Zlv lZd `_ b kb]gZeu gZkd\hav � Zevl_jgZlb\gu_ bklhqgbdb fh]ml

ih^^_j`b\Zlv \dexq_gguf kh[kl\_gguc mjh\_gv 3 ��� aZ kq_l \g_rg_]h iblZgby�

ihemqZ_fh]h hl rbgu��Bkihevam_fuc 32:(5B&/$ ��� bf__l agZq_gb_ ��

Mkljhckl\Z ihlj_[bl_eb

Ihlj_[bl_eb hq_\b^gh bf_xl � dhglZdlgu_ jZat_fu b 32:(5B&/$ ��� jZ\guc �� � beb ��

>ey ih^^_j`Zgby mjh\gy 3 ��� Zdlb\guf lZdbf mkljhckl\Zf lj_[m_lky g_ [he__ � \Zll � Ihke_

ihemq_gby 3 ��� iZd_lZ OLQN�RQ � lZdb_ mkljhckl\Z fh]ml ihlj_[eylv ^hihegbl_evgmx wg_j]bx

^ey jZ[hlu mjh\gy /,1.  ?keb lj_[h\Zgby mkljhckl\m d ihlj_[e_gbx iblZgby g_

mdeZ^u\Zxlky iheghklvx gb \ h^bg 32:(5B&/$66 � lh ^bj_dlhjbb &RQILJXUDWL !#" 520

kh^_j`Zl ^hiheegbl_evgmx bgnhjfZpbx�

Mkljhckl\h k kh[kl\_gguf bklhqgbdhf iblZgby

?keb mklZgh\e_g 32:(5B&/$ ��� jZ\guc � � jZat_fu ihjlh\ fh]ml bf_lv dZd �

lZd b � dhglZdlh\ � h^gZdh i_j_^Z\Zlv gZkd\hav iblZxs__ gZijy`_gb_ lZdb_ mkljhckl\Z g_

fh]ml  LZdh_ ih\_^_gb_ khhl\_lkl\m_l lZd `_ mkljhckl\Zf bklhqgbdhf k hldexq_gguf

\gmlj_ggbf iblZgb_f�

>ey 32:(5B&/$ ��� jZ\gh]h � � mkljhckl\Z [_aij_iy^kl\_ggh ijhimkdZxl

iblZxs__ gZijy`_gb_ gZkd\hav \ ex[mx klhjghm b lZd `_ dZd bklhqgbdb k 32:(5B&/$66

jZ\guf $ fh]ml khojZgylv mjh\_gv 3 ��� Zdlb\guf ^ey kd\haghc i_j_^Zqb ^Zgguo ^Z`_ _keb

mjh\_gv /,%'& b \ur_e_`Zsb_ mjh\gb mkljhckl\Z hldexq_gu�

Kiysbc j_`bf

LZd `_ dZd b 86 ( rbgZ )LUH:iU ) djhf_ f_klgh]h hldexq_gby iblZgby

ih^^_j`b\Z_l j_`bf VXVSHQG * gZ mjh\g_ hl^_evguo ihjlh\ + <uoh^ ba wlh]h j_`bfZ fh`_l

ijhbkoh^blv dZd ijh]jZffgh ijb ihfhsb ihkuedb 3 ,�- iZd_lZ UHVXPH * lZd b ih kh[ulbyf

ih^dexq_gby�hldexq_gby mkljhckl\Z gZ ^Zgghf ihjlm beb baf_g_gby \_ebqbgu kf_s_gby�

Kihkh[ghklv ijh[m`^Zlvky hl lh]h beb bgh]h lbiZ kh[ulby aZ\bkbl hl bgnhjfZpbb�

aZg_k_gghc \ j_]bklju b fh`_l mijZ\eylvky ijh]jZffgh�





JZ[hlZ ijh]jZffu �beb ^jZc\_jZ
�

k rbghc

USB

USB h[_ki_qb\Z_l [he__ \ukhdbc mjh\_gv ijhlhdheZ i_j_^Zqb ^Zgguo � ijb

gZibkZgbb ijh]jZffu �beb ^jZc\_jZ� \ [hevrbgkl\_ kemqZ_\ g_ ke_^m_l aZ[hlblvky h

jZaf_j_ iZd_lh\ b ihjy^d_ i_j_^Zqb ^Zgguo�

Hj]Zgbamy ihlhdh\mx i_j_^Zqm ^Zgguo 86 � ih^kbkl_fZ hi_jZpbhgghc kbkl_fu

[_j_l [hevrmx qZklv wlbo aZ[hl gZ k_[y � Djhf_ lh]h � \ kbem p_gljZebah\Zgghklb mijZ\e_gby

rbghc kh klhjhgu ohklZ � ijb \aZbfh^_ckl\bb ijh]jZffgh]h fh^mey k mkljhckl\hf

\hagbdZ_l ]hjZa^h f_gvr_ g_h^ghagZqghkl_c q_f \ kemqZ_ )LUH:LUH � RbgZ 86%

dhfivxl_jgh�hjb_glbjh\ZggZy b ihwlhfm \hkijbgbfZ_lky dZd g_kdhevdh [he__ m^h[gZy ^ey

ijh]jZffbjh\Zgby�

Jbkmghd �hj]ZgbaZpby ijh]jZffghc ih^^_j`db 86 � hi_jZpbhgghc kbkl_fhc

dhfivxl_jZ�



Lbibqguc $3, � ij_^hklZ\ey_fuc hi_jZpbhggufb kbkl_fZfb iha\hey_l

ihemqblv kibkhd \k_o ih^dexq_gguo mkljhckl\ b magZlv ^ey dZ`^h]h ba gbo 9HQGRU,
�

b

3URGXFW,
�

b \u[jZlv mkljhckl\h ^ey k\h_c jZ[hlu � Beb \h \kydhf kemqZ_ �dZd gZijbf_j \

:LQGRZV � ijh]jZffZ � y\eyxsZyky ^jZc\_jhf fh`_l khh[sblv kbkl_f_ � qlh __ bgl_j_kmxl

lhevdh mkljhckl\Z ba kibkdZ \hafh`guo iZj agZq_gbc 9HQGRU,
�

b 3URGXFW,' � DZdhc [u

kihkh[ gb [ue j_Zebah\Zg � lZd beb bgZq_ gZrZ ijh]jZffZ kfh`_l ihemqblv m\_^hfe_gb_ h

ih^dexq_gbb beb hldexq_gbb bgl_j_kmxs_]h __ mkljhckl\Z�

>Zevg_cr__ ij_^klZ\ey_lky ^hklZlhqgh ijhkluf � Ijh]jZffZ ^he`gZ agZlv

ijhlhdhe jZ[hlu mkljhckl\Z � ;hevrZy qZklv bgnhjfZpbb h[ mkljhckl\_ fh`_l [ulv

ihemq_gZ b [hevrZy qZklv gZkljh_d fh]ml [ulv \uiheg_gu ijb ihfhsb GHIDX ��� HQGSRLQW
ghf_j � \u[jZggh]h mkljhckl\Z�

DZ`^h_ mkljhckl\h fh`_l bf_lv g_kdhevdh dhgnb]mjZpbc b bgnhjfZpby h gbo

lZd `_ fh`_l [ulv ihemq_gZ hl mkljhckl\Z � < dZ`^uc fhf_gl \j_f_gb Zdlb\ghc y\ey_lky

lhevdh h^gZ ba dhgnb]mjZpbc�

G_dhlhju_ ba mkljhckl\ � ih^dexq_gguo d rbg_ fh]ml y\eylvky mkljhckl\Zfb

lbiZ +8 � b $3 	 iha\hey_l ijh]jZffZf h[hc^y \k_ ^_j_\h mkljhckl\ magZlv lhqgmx

lhiheh]bx rbgu�

DZgZeu i_j_^Zqb LVRFKURQ � DV\QF � LQWHUUXS � k lhqdb aj_gby yaudZ

ijh]jZffbjh\Zgby ij_^klZ\eyxlky ihlhdZfb \\h^Z beb \u\h^Z � Ih`Zemc hkgh\guf

hlebqb_f dZgZeh\ LQWHUUXS � y\ey_lky lh � qlh _keb ij_ju\Zgb_ g_ ijbreh \ l_q_gbb

g_dhlhjh]h bgl_j\ZeZ \j_f_gb ihlhd��fh`_l i_j_clb \ khklhygb_ VWDOOHG�

DZd ijZ\beh ijh]jZffu beb ^jZc\_ju \eZ^_xl mkljhckl\hf fhghihevgh b

bkihevamxl dZgZeu��ij_^hklZ\ey_fu_ mkljhckl\Zfb ih k\h_fm mkfhlj_gbx�

Jbkmghd �DZgZeu i_j_^Zqb b mjh\gb j_ZebaZpbb ijhlhdheZ 86%�

>hklmi d dZgZeZf fh`_l hkms_kl\eylvky dZd q_j_a h[uqgu_ ihlhdb � lZd b q_j_a



nmgdpbb LRFWO � >Zggu_ ^ey dZgZeh\ lbiZ FRQWUR
�

dZd m`_ ]h\hjbehkv ^he`gu i_j_^Z\Zlvky \

\b^_ iZd_lh\ hij_^_e_ggh]h nhjfZlZ � djhf_ lh]h dZgZeu FRQWUR
�

y\eyxlky

^\mgZijZ\e_ggufb � LZd beb beb bgZq_ ^Zggu_ ^ey dZ`^h]h dZgZeZ \k_]^Z i_j_^Zxlky b

ijbgbfZxlky ihke_^h\Zl_evgh � Ihwlhfm k lhqdb aj_gby ijh]jZffbjh\Zgby 86%

ij_^hklZ\ey_l [he__ m^h[guc bgl_jn_ck q_f )LUH:LUH � ]^_ \ky ijhp_^mjZ mkeh`gy_lky \ kbem

lh]h � qlh lj_[m_lky ijhba\h^blv aZibkv b ql_gb_ fZkkb\h\ ^Zgguo ih jZaguf Z^j_kZf

\bjlmZevgh]h Z^j_kgh]h ijhkljZgkl\Z � Ijb wlhf j_amevlZl \ ijbgpbi_ fh`_l aZ\bk_lv

gZijbf_j hl lh]h � [m^_l eb lhl beb bghc mqZklhd iZfylb ijhqblZg �beb aZibkZg� aZ h^gm

hi_jZpbx ql_gby�aZibkb beb aZ g_kdhevdh � Ihke_^g__ lj_[m_l ^hklZlhqgh kljh]h]h

kh[ex^_gby ijhlhdheZ jZ[hlu k kZfhc rbghc b k mkljhckl\hf � >ey 86 � ihoh`Zy kblmZpby

fh`_l bf_lv f_flh lhevdh ^ey FRQWUR
�

\ kbem lh]h � qlh iZd_lu ^he`gu bf_lv ijZ\bevguc

jZaf_j b kljmdlmjm � < kemqZ_ ihkuedb g_ijZ\bevguo ^Zgguo ijb jZ[hl_ k FRQWUR
�

hrb[dZ

fh`_l gZklmiblv ih bkl_q_gbb lZcfZmlZ \ dZq_kl\_ agZq_gby dhlhjh]h ki_pbnbdZpby

hij_^_ey_l agZq_gb_ � k_dmg^ � H^gZdh $3 � ^ey ^Zgghc HK �\ qZklghklb� fh`_l iha\heylv

mdZau\Zlv ^jm]h_ agZq_gb_ wlh]h lZcfZmlZ ^ey dZ`^hc dhgdj_lghc hi_jZpbb jZ[hlu k

dZgZehf lbiZ FRQWURO�

Fgh`_kl\h f_^e_gguo mkljhckl\ �OR � VSHHG � ���0ELW�VHF � bkihevam_l dZgZeu

FRQWUR
�
�b \ qZklghklb GHIDX

�	�
SLS 
 � � \ dZq_kl\_ dZgZeZ ^ey bahojhgghc i_j_^Zqb ^Zgguo \

h^gm beb ^Z`_ \ h[_ klhjhgu � LZdh\ufb�gZijbf_j � y\eyxlky we_dljhgguc dexq $ODGGLQ

(WRNH� b mkljhckl\h ql_gby aZibkb qbih\uo dZjl $&5��8 � dhlhju_ mihfbgZebkv \h

\\_^_gbb��GZihfgbf��qlh OR � VSHH � mkljhckl\Z fh]ml bkihevah\Zlv lhevdh LQWHUUXS
�

b LVRFKURQ

dZgZeu�

Jb^_j kfZjldZjl $&5��
 ihemqZ_l hl ohklZ dhfZg^u q_j_a dZgZe lbiZ FRQWUR
�

b

\ha\jZsZ_l q_j_a dZgZe lbiZ LQWHUUXSW�

EToken – wlh djbilh]jZnbq_kdh_ mkljhckl\h � ih^^_j`b\Zxs__ jZaebqgu_

Ze]hjblfu rbnjh\Zgby b we_dljhgghc ih^ibkb �'(6�56$�'6$��� � b ij_^klZ\ey_l ba k_[_

h[t_^bg_gguc \ h^ghf dhjimk_ jb^_j b kfZjldZjlm � Djhf_ lh]h � (7RNH � fh`_l bf_lv \gmljb

k_[y ^h ��� dbeh[Zcl iZfylb � ij_^klZ\e_gghc nZceh\hc kbkl_fhc � >ey i_j_^Zqb dhfZg^ b

hl\_lh\ gZ dhfZg^u bkihevam_lky bkdexqbl_evgh dZgZe GHIDX
���
SLS 
�� lbiZ FRQWURO � Ih\_jo

wlh]h dZgZeZ j_Zebah\Zg ijhlhdhe dhfZg^ ybih\uo dZjl ,62�����

Bkoh^gu_ l_dklu ijh]jZff b ^jZc\_jh\ ^ey jZ[hlu k wlbfb mkljhckl\Zfb

fh`gh gZclb gZ kZcl_ ZZZ�OLQX[QHW�FRP�

;he__ ih^jh[gh k jZ[hlhc qbih\uo dZjl b ijhlhdhehf ,62 ������� fh`gh

hagZdhfblvky \ dgb]_ >�@��>� � �
Klhbl lZd `_ mihfygmlv h :HE�dZf_j_ /RJLWHF � 4XLFN&DP � h dhlhjhc lZd `_

]h\hjbehkv \h \\_^_gbb � DZf_ju wlh]h lbiZ g_ bkihevamxl bahojhggmx i_j_^Zqm� dZd wlh

h[uqgh ^_eZ_lky dh]^Z g_h[oh^bfh i_j_^Z\Zlv \b^_h \ j_Zevghf \j_f_gb � \f_klh wlh]h

bkihevam_lky i_j_^ZqZ lbiZ EXON � Hq_\b^gh qlh gZ nZdlbq_kdmx kdhjhklv i_j_^Zqb

bah[jZ`_gby fh`_l \ebylv l_dmsZy aZ]jm`_gghklv rbgu� GZihfgbf qlh ijb

bkihevah\Zgbb bahojhggh]h dZgZeZ i_j_^ZqZ bah[jZ`_gby g_ kfh`_l gZqZlvky _keb rbgZ g_

kfh`_l \u^_eblv ^ey wlh]h dZgZeZ g_h[oh^bfmx ihehkm ijhimkdZgby � >jZc\_j ^ey HK /LQX[

wlhc dZf_ju lZd `_ ^hklmi_g \ Bgl_jg_l \ \b^_ bkoh^guo l_dklh\ gZ kZcl_ 6RXUFH)RUJH�

Bkihevah\Zgb_ bahojhgghc i_j_^Zqb \ gZklhys__ \j_fy [he__ oZjZdl_jgh ^ey

mkljhckl\ ,((( ��� �!� q_f ^ey 86 � \ kbem lh]h qlh rbgZ )LUH:LU 
 bagZqZevgh ij_^gZagZqZeZkv

^ey i_j_^Zqb \b^_h � DZd \b^gh dZ`^Zy rbgZ bf__l k\hx oZjZdl_jgmx ki_pbnbdm b ihwlhfm

\hij_db h`b^Zgbyf wdki_jlh\ 86 � b )LUH:LU 
 lZd b g_ klZeb dhgdmjbjmxsbfb klZg^ZjlZfb�

RbgZ 86 � gZb[he__ ^_r_\Zy b l_ogheh]bqgZy ^ey ijbf_g_gby k dhfivxl_jhf � \ hlebqb_ hl

g__ )LUH:LUH � [m^mqb [he__ keh`ghc b ^hjh]hc � h[eZ^Z_l jZa\_l\e_gghc

bgl_ee_dlmZevghklvx � <_jhylgh bf_ggh ihwlhfm oZjZdl_jgh qlh h[_ rbgu \kljh_ggu_ \ \

dhfivxl_j \ gZklhys__ \j_fy \klj_qZxlky \hkgh\ghf \ ^hklZlhqgh ^hjh]bo ghl[mdZo�

dhlhju_ h^gh\j_f_ggh y\eyxlky dZd [u b ghkbfufb mkljhckl\Zb dZd b \b^_hdZf_ju 6RQ\�

klhbfhklv dhlhjuo lZd `_ ^h\hevgh \ukhdZ � L_f g_ f_g__ )LUH:LU 
 bf__l \ wlhf kemqZ_ b

qbklh dhfivxl_jgh_ ijbf_g_gb_ � lZdh_ dZd jZ[hlZ k \g_rgbfb ^bkdZfb b 7&3�," k_lv



ih\_jo ijhlhdheh\ ,(((�����

Kms_kl\m_l _s_ h^bg ^hklZleqgh rbjhdbc deZkk f_^e_gguo 86 � mkljhckl\ � Wlh

lZd gZau\Z_fu_ +,� mkljhckl\Z �+,� jZkrbnjh\u\Z_lky dZd +XPD� ,QWHUI ����� 'HYLFH� � +,� ±

wlh ijhlhdhe � j_Zebah\Zgguc ih\_jo 86% � hkgh\ghc p_evx dhlhj]h y\ey_lky nhjfZebaZpby

jZ[hlu dhfivxl_jZ k mkljhckl\Zfb \\h^Z lbiZ fur_c ^`hcklbdh\ b�l�i � � wlhl ijhlhdhe

bf__l ^_eh m`_ g_ k dZgZeZfb ij_^Zqb Z k dghidZfb � jZkiheh`_ggufb gZ \g_rgbo

mkljhckl\Zo � HK :LQGRZ 	 iha\hey_l h[jZsZlvky d +,� mkljhckl\Zf g_ lhevdh ^jZc\_jZf � gh

b ihevah\Zl_evkdbf ijh]jZffZf � ih?lhfm +,
 mkljhckl\Z e_]dh fh]ml [ulv bkihevah\Zgu \

dZq_kl\_ ³lj_gZ`_jZ� ih bkihevah\Zgbx 86% � < dZq_kl\_ [he__ iheghc \hafh`ghklb

hagZdhfblky k jZ[hlhc 86 
 fh`gh j_dhf_g^h\Zlv $3 � ^ey -DY � \ HK /LQX[ � A Kms_kl\m_l

^\Z lZdbo $3 � �MDYD[�XV� b M86%� � dZ`^h_ ba dhlhjuo iha\hey_l iheghklvx bkihevah\Zlv \k_

\hafh`ghklb rbgu ih jZ[hl_ k mkljhckl\Zfb��Ih^jh[gmx bgnhjfZpbx h gbo fh`gh gZclb \

Bgl_jg_l_ gZ kZclZo 6RXUFH)RUJ � b MDYD�VXQ�FRP�



FireWire

<aZbfh^_ckl\b_ IH k rbghc ijhbkoh^bl dZd gZ mjh\g_ ljZgaZdpbc �7UDQVDFWLRQ

OD\H� � lZd b gZ mjh\g_ k\yab �/L ��� OD\H � � ^ey q_]h hij_^_e_gu ihgylby ijh]jZffguo

bgl_jn_ckh\ )LUH:LUH � bgl_jn_ck Zkbgojhgguo ljZgaZdpbc � bgl_jn_ck bahojhgghc

i_j_^Zqb � fbgmxsbc mjh\_gv ljZgaZdpbc b h[jZsZxsbcky gZijyfmx d /L ��� OD\HU � Z lZd `_

bgl_jn_ck mijZ\e_gby rbghc �%X � PDQDJHPHQ �
	 QWHUIDFH� � DZ`^uc ba wlbo ijh]jZffguo

bgl_jn_ckh\ dZd ijZ\beh h[_ki_qb\Z_lky hl^_evguf ^jZc\_jh\ y^j_ HK � Wlb bgl_jn_cku

bkihevamxl ijbdeZ^gu_ ^jZc\_ju mkljhckl\ � gZijbf_j lZdbo dZd \g_rgbc gZdhibl_ev

FireWire.
GZibkZgb_ kh[kl\_gguo ^jZc\_jh\ mkljhckl\ ^ey :LQGRZ � fh`_l hdZaZlvky

aZ^Zq_c g_ ba e_]dbo � Z djhf_ lh]h hrb[db ^hims_ggu_ ijb gZibkZgbb ^jZc\_jZ k e_]dhklvx

fh]ml ijb\_klb d ihjq_ ^Zgguo gZ ^bkd_ dhfivxl_jZ b d ih^\bkZgbx kbkl_fu � Ihwlhfm \h

\kydhf kemqZ_ ^ey lh]h � qlh[u gZqZlv ibkZlv ijh]jZffu � jZ[hlZxsb_ gZijyfmx k

mkljhckl\Zfb )LUH:LU � jZamfgh bkihevah\Zlv ki_pbZevgu_ kbkl_fgu_ [b[ebhl_db�

iha\heyxsb_ ihevah\Zl_evkdhfm ijhp_kkm � gZoh^ysbfmky \g_ y^jZ HK bkihevah\Zlv

khhl\_lkl\mxsb_ $3, � H^ghc ba hi_jZpbhgguo kbkl_f � ij_^hklZ\eyxsbo lZdmx

\hafh`ghklv y\ey_lky /LQX[ � ]^_ k ihfhsvx kbkl_fghc [b[ebhl_db OLEUDZ 
������ fh`gh [_a

jbkdZ gZjmrblv p_ehklghklv y^jZ \h \j_fy jZ[hlu bkihevah\Zlv \k_ ^hklmigu_ nmgdpbb

rbgu )LUH:LUH�

Jbkmghd �Mjh\gb ijhlhdheZ )LUH:LUH�
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NZdlbq_dkb jZ[hlZ ijh]jZffu k mkljhckl\Zfb k\h^blky d ke_^mxs_fm�

��ihemq_gb_ q_j_a bgl_jn_ck mijZ\e_gby rbghc g_h[oh^bfhc bgnhjfZpbb h[ mkljhckl\Zo

�lbi mkljhckl\��fZdkbfZevgZy kdhjhklv i_j_^Zqb��lhiheh]by ih^dexq_gby d rbg_�

gZoh`^_gb_ f_g_^`_jZ bahojhgguo j_kmjkh\��ijh\_jdZ gZebqby ^hklZlhqguo ih fhsghklb

bklhqgbdh\ iblZgby b�l�i��

2. q_j_a bgl_jn_ck mijZ\e_gby rbghc \u^_eyxlky dZgZeu b gZkljZb\Zxlky ^ey bahojhgghc

i_j_^Zqb��ij_^hklZ\eyxlky k_j\bku ^hklmigu_ ^jm]bf mkljhckl\Zf b \uihegyxlky



ijhqb_ ^_ckl\by ih gZkljhcd_ rbgu�

3. ijhbkoh^bl h[f_g ^Zggufb k \u[jZgguf mkljhckl\hf ijb ihfhsb Zkbgojhgguo

hi_jZpbc ql_gby�aZibkb ih \bjlmZevguf Z^j_kZf��gZoh^ysbfky \ mkljhckl\_��Z lZd `_

ihemq_gb_ b ijb_f ^Zgguo q_j_a \u^_e_ggu_ jZg__ bahojhggu_ dZgZeu�

DZ`^h_ mkljhckl\h ij_^klZ\e_gh h[eZklvx iZfylb ���L[ \ dhgp_ dhlhjhc ih

Z^j_km �[))))
)���

�������

gZoh^blky h[eZklv aZgbfZxsZy ����� f_]Z[Zcl b gZau\Z_fZy &65�

j_]bkljZfb��ijb ihfhsb hi_jZpbc Zkbgojhggh]h ql_gby aZibkb \ wlb j_]bklju ijhbkoh^bl

\ky ijhp_^mjZ mijZ\e_gby dZ`^uf ba mkljhckl\��KljmdlmjZ &6 � hij_^_e_gZ ki_pbZevguf

klZg^Zjlhf ,62�,(&��������gZk [m^_l bgl_j_kh\Zlv ]jmiiZ j_]bkljh\��y\eyxsboky

h[yaZl_evgufb ^ey )LUH:LU � mkljhckl\��KlZg^Zjl ,((( �
	��
� hij_^_ey_l ebrv qZklv wlbo

j_]bkljh\�

jbkmghd ³dZjlu iZfylb � mkljhckl\Z

�������

�������

�������

��������������  !#"�$� �%#���#&

'(!#)#*+�

'(!#)#*
�

'(!#)#*,�

'�!#)#*,-��� %�. !/$#)�"#$#�#0 &

1�. 2 3�$#0 *465�$#"�*��7#-98�%

:(*#;�2 �#0 *9. �4<5�$#"�*��7#-98�%

= >#2 0 2 $� 8�*�?�!/. @465�$#"�*��7#-#A/%

'�!#)#*$#)�)�. *#�����5#$#"#*
�����,$�)#)�. *#�/���5#$#"#*8��# 0 2#%������5#$#"#*

'(!#)#*. *#;�2 ��0 */.��5#$#"#*
= >#2 0 2 $� �>�!/)#*��5#$#"#*B C9D�E�F

G H#I J I K�L/H�M�N#OP�Q K#R#O

G H#I J I K�L/S#H�I J PP�Q K#R#O

T�U#V#W/X�Y Z T�U�V9[�X�Y Z T9\�X�Y Z

] ] ]

^�_6`acb d/e#f g h#d�g i#b h

_6h�b f j/kl�i�mb h#n�f m�g h/b m

`(o<[pm/q�j#d�h

U9ZrT

Fu kh[bjZ_fky kgZqZeZ hibkZlv gZagZq_gb_ b f_klhgZoh`^_gb_ gZb[he__

\Z`guo j_]bkljh\��Z aZl_f jZkkfhlj_lv gZ ijbf_j_ \hafh`guc kp_gZjbc bo bkihevah\Zgby�

GZqbgZy kh kf_s_gby \ s dbeh[Zcl hl Z^j_kZ �[))))
)���
 t�t�t�t jZkiheZ]Z_lky

&RQILJXUDW u
v 520 w dhlhjZy kh^_j`bl bgnhjfZpbx h[ mkljhckl\_ x GZ hkgh\_ wlhc

bgnhjfZpbb HK fh`_l hij_^_eblv dZdhc ^jZc\_j ke_^m_l bkihevah\Zlv ^ey ^Zggh]h

mkljhckl\Z w fh`_l eb mkljhckl\h \uihegylv nmgdpbb EX y PDQDJHz b�l�^ x >ey &RQILJXUDWLRQ



52 � hij_^_e_gZ fbgbfZevgZy kljmdlmjZ � dhlhjZy kh^_j`bl lhevdh b^_glbnbdZlhj

ijhba\h^bl_ey �9HQGR� ,' � b kljmdlmjZ h[s_]h lbiZ � dhlhjZy \ k\hx hq_j_^v kh^_j`bl

jZaebqgmx bgnhjfZpbx��ki_pbnbqgmx ^ey ^Zggh]h mkljhckl\Z�

Hkgh\gu_ j_]bklju

:^j_k�Z�

hlghkbl_evgh

0xFFFF'F000'0000

GZa\Zgb_ Y\ey_lky

h[yaZl_evgu

f

HibkZgb_

0x0 STATE_CLEAR ^Z Khklhygb_ b

mijZ\eyxsZy

bgnhjfZpby

�h[yaZl_evgh

j_Zebah\Zg�

0x4 STATE_SET ^Z MklZgh\dZ [blZ

STATE_CLEAR

�h[yaZl_evgh

j_Zebah\Zg�

0x8 NODE_IDS ^Z AZ^Z_l ��� [blh\uc

NodeID

�h[yaZl_evgh

j_Zebah\Zg�

�[K RESET_START ^Z <hkklZgZ\eb\Z_l

bkoh^gh_ khklhygb_

maeZ

0x10-0x14 INDIRECT_ADDRESS

INDIRECT_DATA

g_l Dhk\_gguc ^hklmi d

520!�D[

0x18-0x1C SPLIT_TIMEOUT AZ\bkbl hl

mkljhckl\Z

LZcfZml 6SOLW�UHTXHVW

�_keb VS �	��
 ljZgaZdpbb

ih^^_j`b\Zxlky lh

h[yaZl_evgh

j_Zebah\Zg�

0x20-0x2C TUSARGUMENT,

TEST_START,

TEST_STATUS

g_l >bZ]ghklbq_kdbc

bgl_jn_ck

0x30-0x4C UNITS_BEASE,

UNITS_BOUND,

MEMORY_BASE,

MEMORY_BOUND

g_l G_ bkihevam_lky

0x50-0x54 INTEARRUPT_TARGET,

INTERRUPT_MASK

g_l Broadcast/nodecast
interrupt



:^j_k�Z�

hlghkbl_evgh

0xFFFF'F000'0000

GZa\Zgb_ Y\ey_lky

h[yaZl_evgu

f

HibkZgb_

0x58-0x7C CLOCK_VALUE,

CLOCK_PICK_PERIOD,

CLOCK_STROBE_ARRIVED,

CLOCK_INFO

g_l Kbgojhgbabjh\Zggh_

\j_fy

0x80-0xFC MESSAGE_REQUEST,

MESSAGE_RESPONSE

g_l J_]bklj ^ey i_j_^Zqb

khh[s_gbc

0x100-0x17C RESERVED g_l AZj_a_j\bjh\Zgh ^ey

CSR

0x180-0x1FC ERROR_LOG_BUFFER g_l AZj_a_j\bjh\Zgh ^ey

rbgu

0x200-0x3FC SERIAL_BUS_DEPENDANT ^Z J_]bklju�

ki_pbnbqgu_ ^ey

rbgu �EX � GHSHQGDQ � ��
jZkrbnjh\u\Z_lky \

ke_^mxs_c lZ[ebp_

�h[yaZl_evgh

j_Zebah\Zgu�

Hkgh\gu_ j_]bklju

J_]bklju��ki_pbnbqgu_ ^ey rbgu �EX � GHSHQGDQW�
:^j_k�Z�

hlghkbl_evgh

0xFFFF'F000'0000

gZa\Zgb_ hibkZgb_

0x200 CYCLE_TIME Bkihevam_lky maeZfb�

ih^^_j`b\Zxsbfb

bahojhggmx i_j_^Zqm ^ey

ih^^_j`Zgby kbgojhgbaZpbb

cycle time

0x204 BUS_TIME Maeu��kihkh[gu_ \uihegylv

jhev F\FO � PDVWH� ^ey \k_c

rbgu bkihevamxl wlhl

j_]bklj ^ey l_dms_]h agZq_gby

bus time

0x208 POWER_FAIL_IMMENENT AZibkv \ j_`bf_ EURDGFDV � \

wlhl j_]bklj hih\_sZ_l h

kdhjhf \hafh`ghf

hldexq_gbb iblZgb



:^j_k�Z�

hlghkbl_evgh

0xFFFF'F000'0000

gZa\Zgb_ hibkZgb_

0x20C POWER_SOURCE Bkihevam_lky \f_kl_ k

POWER_FAIL_IMMENENT
^ey ijhp_^mju ih^l\_j`^_gby

\hafh`gh]h hldexq_gby

iblZgby

0x210 BUSY_TIMEOUT Bkihevam_lky maeZfb�

ih^^_j`b\Zxsbfb WUDQVDFWLRQ

retry

0x214-0x217 G_ bki� AZj_a_j\bjh\Zgh

0x218 FAIRNESS_BUDGET Hij_^_ey_l dhebq_kl\h

jZaj_r_gguo ^hihegbl_evguo

ihiulhd aZo\Zlblv rbgm ^ey

Zkbgojhgghc i_j_^Zqb \

l_q_gbb IDLUQH ��� LQWHUYDO
0x21C BUS_MANAGER_ID :^j_k maeZ��\uihegyxs_]h

jhev EX � PDQDJHU
0x220 BANDWIDTH_AVA ILABLE \ f_g_^`_j_ bahojhgguo

j_kmjkh\ bkihevam_lky ^ey

mq_lZ k\h[h^ghc ihehku

ijhimkdZgby \ _^bgbpZo

��
�������

hl ���

fbdjhk_dmg^gh]h bgl_j\ZeZ�

0x224-0x228 CHANNELS_AVA ILABLE \ f_g_^`_j_ bahojhgguo

j_kmjkh\ bkihevam_lky ^ey

mq_lZ k\h[h^guo bahojhgguo

dZgZeh\

0x22C MAINT_CONTROL >ey ^bZ]ghklbq_kdbo p_e_c

0x230 MAINT_UTILITY >ey hleZ^hqguo p_e_c

0x234-0x3FC G_ bkihevam_lky AZj_a_j\bjh\Zgh

Fu kh[bjZ_fky djZldh hibkZlv gZagZq_gb_ hkgh\guo j_]bkljh\�

%86B7,0 	 b &<&/(B7,0(

Mkljhckl\Z��bkihevamxsb_ bahojhggmx i_j_^Zqm h[yaZgu bf_lv wlb j_]bklju��Kh^_j`bfh_

j_]bklljh\ h[gh\ey_lky k qZklhlhc ������F=p��hlqblu\Zy
��
��

fbdjhk_dmg^gu_ bgl_j\Zeu

�lZcf kehlu��

CYCLE_TIME�
[bl VHFRQGBFRXQW

��

[bl F\FOHBFRXQW

��

[bl F\FOHBRIIVHW



BUS_TIME���
[bl VHFRQGBFRXQW � [bl VHFRQGBFRXQWBOR

F\FOHBRIIVH � hlkqblu\Z_l � ��� fbdjhk_dmg^gu_ bgl_j\Zeu ih fh^mex ����

F\FOHBFRXQ � hlkqblu\Z_l ih fh^mex ������� b ih h[gme_gbx i_j_ghkbl � \ j_]bklj VHFRQGBFRXQW

��dhlhjuc \ k\hx hq_j_^v hlkqblu\Z_l h^ghk_dmg^gu_ bgl_j\Zeu�

VHFRQGBFRXQ � \ k\hx hq_j_^v kqblZ_l ^h � � � b m\_ebqb\Z_l VHFRQGBFRXQWBK � ijb wlhf

VHFRQGBFRXQ � \k_]^Z kh\iZ^Z_l k VHFRQGBFRXQWBOR�

POWER_FAIL_IMMENENT b POWER_SOURCE

J_]bklj 32:(5B)$,/B,00((1 	 y\ey_lky hipbhgZevguf 
 gh _keb hg

j_Zebah\Zg \ mkljhckl\_ 
 lh ^he`_g [ulv h[yaZl_evgh j_Zebah\Zg b 32:(5B6285&( � <

kemqZ_ _keb g_dhlhjh_ mkljhckl\h 
 ih^Zxs__ iblZgb_ \ rbgm h[gZjm`b\Z_l 
 qlh _fm

ijb^_lky ij_djZlblv ih^Zqm gZijy`_gby 
 hgh fh`_l ijhba\_klb aZibkv \ j_]bklj

32:(5B)$,/B,00(1(1 	 ^jm]bo mkljhckl\ gZ rbg_ ijb ihfhsb EURDGFDV � Z^j_kZ �[�)�

Ihemqb\rb_ lZdhc kb]gZe mkljhckl\Z fh]ml kjZ\gblv Z^j_k mkljhckl\Z ihkeZ\r_]h

hih\_s_gb_ k Z^j_khf��kh^_j`Zsbfky \ 32:(5B6285& � b _keb hgb kh\iZ^Zxl 
 lh ijbgylv

\hafh`gu_ f_ju��k\yaZggu_ k hldexq_gb_f iblZgby�

Ijb aZibkb \ 32:(5B)$,/B,00(1(1 	 bkihevam_lky ke_^mxsbc nhjfZl�

mklZgh\e_gguc i_j\uc [bl�SULBIODJ 
 ]h\hjbl h \Zeb^ghklb iZd_lZ 
 ke_^mxsb_ � � [bl

�SULBGHOD\
 hij_^_ey_l \j_fy \ khlgyo fbeebk_dmg^ ^h gZklmie_gby \hafh`gh]h hldexq_gby

iblZgby 
 ihke_^gb_ ��� [bl �SULBVRXUFH 
 kh^_j`Zl iheguc Z^j_k mkljhckl\Z bklhqgbdZ

hih\_s_gby � ��� [bl ghf_j rbgu b � [bl Z^j_k mkljhckl\Z� � Ihke_^gb_ ��� [bl j_]bkljZ

32:(5B6285& � lZd `_ kh^_j`Zl Z^j_k bklhqgbdZ iblZgby�

MAINT_CONTROL MAINT_UTILITY

?keb j_Zebah\Zgu 
 lh kem`Zl ^ey ^bZ]ghklbq_kdbo p_e_c 
 gZijbf_j iha\heyxl ijh\_jdm

ijZ\bevghklb i_j_^Zqb iZd_lZ beb aZklZ\blv mkljhckl\h \_jgmlv lhl beb bghc klZlmk

hrb[db ^ey ke_^mxs_c ljZgaZpbb�

BUS_MANAGER_ID

Wlhl j_]bklj \k_]^Z j_Zebah\Zg \ mkljhckl\Zo 
 dhlhju_ kihkh[gu \uihegylv jhev f_g_^`_jZ

rbgu �EX � PDQDJHU� � Mkljhckl\Z fh]ml iulZlvky ijbk\hblv k_[_ jhev EX � PDQDJH � b ^ey

wlh]h lZdbf mkljhckl\Zf ihlj_[m_lky fh^bnbpbjh\Zlv kh^_j`bfh_ j_]bkljh\

%86B0$1$*(5B,' 
 ^ey ^hklb`_gby ljZgaZdpbhgghklb ^ey wlhc p_eb bkihevamxlky

ljZgaZdpbb ^biZ ORFN � FeZ^rb_ �ba �� 
 � [bl wlh]h j_]bkljZ fh]ml kh^_j`Zlv b^_glbnbdZlhj

�Z^j_k
 l_dms_]h f_g_^`_jZ rbgu � BagZqZevgh wlb [blu bgbpbZebabjmxlky agZq_gb_f

�[�) 
 qlh y\ey_lky EURDGFDV � Z^j_khf � Ijb ihkued_ iZd_lZ ih Z^j_km �[�) 
 iZd_l [m^_l

ihemq_g \k_fb mkljhckl\Zfb�

%$1':,'7+B$9$,/$%/ � b &+$11(/6B$9$,/$%/(

J_]bklj &+$11(/6B$9$,/$%/� khklhbl ba ^\mo hdl_lh\ �\k_]h ��� [lblZ����dZ`^uc

mklZgh\e_gguc [bl hl\_qZ_l aZ k\h[h^guc bahojhgguc dZgZe�



J_]bklj %$1':,'7+B$9$,/$%/� bf__l ke_^mxsmx kljmdlmjm�
���

[bl �aZj_a_j\bjh\Zgh�
���

[bl �agZq_gby hl � ^h ���� � k\h[h^gZy ihehkZ ijhimkdZgby

Ihkdhevdm g_kdhevdh mkljhckl\ fh]ml h^gh\j_f_ggh aZohl_lv \u^_eblv bahojhgguc dZgZe

^ey k\hbo p_e_c g_h[oh^bf f_oZgbaf � h[_ki_qb\Zxsbc ljZgaZdpbhgghklv ijb

dhgdmjbjh\Zgbb aZ j_kmjku dZgZeh\ b ihehku ijhimkdZgby � >ey j_ZebaZpbb lZdhc

ljZgaZdpbhgghklb kem`bl ZkbgojhgZy dhfZg^Z aZibkb /RFN � < k\h_f \ZjbZgl_ /RF 	 FRPSDUH

wlZ dhfZg^Z iha\hey_l ijhba\_klb aZibkv \ h[eZklv iZfylb dZd ZlhfZjgh_ ^_ckl\b_ ijb

mkeh\bb � qlh l_dms__ khklhygb_ h[eZklb iZfylb khhl\_lkl\m_l g_dhlhjhfm khklhygbx�

dhlhjh_ bkihevam_lky \ dZq_kl\_ iZjZf_ljZ ^ey dhfZg^u � DhfZg^Z /RF	 aZ\_jrZ_lky

mki_rgh \ kemqZ_ kh\iZ^_gby agZq_gbc b hrb[hqgh \ kemqZ_ g_kh\iZ^_gby�

>ey lh]h � qlh[u kha^Zlv bahojhgguc dZgZe mkljhckl\h ^he`gh gZclb f_g_^`_j

bahojhgguo j_kmjkh\ � ijhqblZlv _]h j_]bklju &+$11(/6B$9$,/$%/ � �

%$1':,'7+B$9$,/$%/(��\uqbkeblv dZdb_ baf_g_gby gm`gh \g_klb \ wlb j_]bklju k l_f�

qlh[u ihemqblv dZgZe gm`ghc kdhjhklb i_j_^Zqb b ihiulZlvky baf_gblv wlb agZq_gby ijb

ihfhsb /RF 	 �_keb � dhg_qgh � [m^_l h[gZjm`_gh qlh ^ey wlh]h k\h[h^gh ^hklZlhqgh

j_kmjkh\� � < kemqZ_ _keb h^bg j_]bklj [ue mki_rgh baf_g_g � Z ijb baf_g_gbb \lhjh]

\hagbdeZ hrb[dZ � ke_^m_l ijhba\_klb \ i_j\hf j_]bklj_ h[jZlgu_ baf_g_gby � < kemqZ_

mki_oZ 
 ke_^m_l m\_^hfblv ^jm]h_ mkljhckl\h h g_h[oh^bfhklb gZqZlv i_j_^Z\Zlv ^Zggu_ b

khh[sblv _fm ghf_j bahojhggh]h dZgZeZ � Ihke_^g__ ^_eZ_lky kihkh[hf � ki_pbnbq_kdbf ^ey

dZ`^h]h dhgdj_lgh]h mkljhckl\Z�

Mkljhckl\h � \u^_eb\r__ bahojhgguc dZgZe hl\_qZ_l aZ ih\lhjgh_ \u^_e_gb_

wlh]h `_ dZgZeZ \ kemqZ_ i_j_aZ]jmadb rbgu �EX � UHVHW � \ua\Zgghc ih^dexq_gb_f gh\h]h

mkljhckl\Z �dh]^Z kh^_j`bfh_ &6 � j_]bkljh\ l_jy_lky� � >ey lh]h � qlh[u \k_�

kms_kl\h\Z\rb_ ^h i_j_aZ]jmadb dZgZeu fh]eb \hkklZgh\blvky b mkljhckl\Z kfh]eb

ijh^he`blv i_j_^Zqm� mkljhckl\Z g_ bf_\rb_ jZg__ q \u^_e_gguo bahojhgguo dZgZeh\ �gh

`_eZxsb_ bo aZj_a_j\bjh\Zlv� ^he`gu \u`^Zlv ihke_ i_j_aZ]jmadb g_dhlhjh_ \j_fy

ij_`^_ q_f j_a_j\bjh\Zlv gh\u_ dZgZeu�

:kbgojhggZy ihkuedZ ^Zgguo ijhbkoh^bl ijb ihfhsb\uah\Z dhfZg^

UHDG�ZULWH�ORF	 khhl\_lkl\mxs_]h $3,��Ihemq_gb_ `_ ^Zgguo \hafh`gh ijb ihfhsb ORRS�

EDF	 bgl_jn_ckZ��dh]^Z ijbeh`_gb_ j_]bkljbjm_l \ gb`_e_`Zsbo ^jZc\_jZo ki_pbZevgmx

nmgdpbx��dhlhjZy [m^_l Z\lhfZlbq_kdb \uau\Zlvky ^jZc\_jhf dZ`^uc jZa dh]^Z ^jm]h_

mkljhckl\h aZohq_l ijhba\_klb Zkbgojhggmx aZibkv ih \bjlmZevguf Z^j_kZf��gZoh^ysbfky

\ gZr_f mkljhckl\_ �\ jheb dhlhjh]h \ ^Zgghf kemqZ_ \uklmiZ_l dhfivxl_j���< wlm nmgdpbx

^jZc\_j i_j_^Z_l \kx g_h[oh^bfmx bgnhjfZpbx��dZkZxsmxky aZijhkZ��dZkZxsmxky

aZijhkZ hl ^jm]h]h mkljhckl\Z��\dexqZy Z^j_k b ^ebgm aZibku\Z_fuo beb kqblu\Zxsbo

^Zgguo�

>ey Zkbgojhgghc i_j_^Zqb bf__l f_klh lZdZy `_ \ lhqghklb kblmZpby � aZ

bkdexq_gb_f lh]h � qlh \f_klh Z^j_kZ lZf bkihevam_lky ghf_j eh]bq_kdh]h bahojhggh]h

dZgZeZ � Ijb bahojhgghc i_j_^Zq_ ijh]jZffZ ^he`gZ k\h_\j_f_ggh ijbgylv \k_ ijbr_^rb_

^Zggu_ Z lZd `_ k\h_\j_f_ggh hlhkeZlv ^Zggu_ \ mkljhckl\h � >ey wlh]h kms_kl\mxl

bgl_jn_cku ^ey hih\_s_gby ijh]jZffu h lhf � qlh ^Zgguc bahojhgguc dZgZe \ aZ\bkbfhklb

hl gZijZe_gby i_j_^Zqb ih g_fm eb[h lj_[m_l ^h[Z\e_gby ^Zgguo ^ey hlijZ\db eb[h

gZh[hjhl ^Zggu_ ihemqbe b g_h[oh^bfh kjhqgh wlb ^Zggu_ ijhqblZlv kl_f qlh[u

hk\h[h^blv \gmlj_ggbc [mn_j ^jZc\_jZ��k\yaZgguc k wlbf dZgZehf�

Qlh ijhbahc^_l _keb ijh]jZffZ g_ mki__l \h\j_fy ijbgylv beb ihkeZlv [ehd

bahojhgguo ^Zgguo aZ\bkbl hl dhgdj_lghc j_ZebaZpbb \g_rg_]h mkljhckl\Z � g_dhlhju_

mkljhckl\Z fh]ml ³hlghkblvky kihdhcgh
 d ih^h[ghc kblmZpbb � kh\_jr_ggh g_ h[yaZl_evgh

qlh mkljhckl\h i_j_c^_l \ khklhygb_ hrb[db � \h\j_fy g_^hihemqb\ gZijbf_j dZ^j

\b^_hbah[jZ`_gby � <hafh`gh ijhklh bah[jZ`_gb_ [m^_l \hkijhba\_^_gh k g_dhlhjufb



^_n_dlZfb � NZdlbq_kdb bahojhgguc dZgZe ]ZjZglbjm_l � qlh rbgZ \ dZ`^hf lZcfkehl_

\u^_ebl ^hklZlhqgh \j_f_gb ^ey i_j_^Zqb ^Zgguo kh kdhjhklvx aZy\e_gghc ^ey wlh]h

dZgZeZ � h^gZdh mkljhckl\Z fh]ml bkihevah\Zlv ij_^hklZ\e_ggmx bf ihehk ijhimkdZgby b g_

iheghklvx � Ba hibkZgfy ko_fu Zj[bljZ`Z rbgu � dhlhjh_ ijb\_^_gh jZg__ � ihgylgh qlh ijb

wlhf g_bkihevah\Zggh_ \j_fy fh`_l [ulv bkihevah\Zgh Zkbgojhggufb ljZgaZdpbyfb�

Unit registers

GZqbgZy kh kf_s_gby �[
�����

hl gZqZeZ ,QLWLD � 8QLW � 5HJLVWHU � jZkiheZ]Zxlky j_]bklju 8QLW

UHJLVWHUV��gZb[he__ \Z`gufb ba dhlhjuo y\eyxlky

7232/2*<B0$ � �^bZiZahg Z^j_kh\ �[������[��)&�

63(('B0$ � �^bZiZahg Z^j_kh\ �[ 	 ������
�� [�))&�
Mkljhckl\h � dhlhjh_ hdZau\Z_lky f_g_^`_jhf rbgu � aZihfbgZ_l i_j\u_ 
 [ZclZ ba 6HOI,'

iZd_lh\ � \ lhf ihjy^d_ \ dhlhjhf bo ihkueZxl mkljhckl\Z \h \j_fy ijhp_^mju 6HOI

Identification.
GZ hkgh\Zgbb wlhc bgnhjfZpbb ex[h_ mklhckl\h � dhlhjhfm wlh ihlj_[m_lky fh`_l

\hkklZgh\blv lhiheh]bx rbgu�

NhjfZl 7232/2*<B0$ � ke_^mxsbc����
[bl ^ebgZ \k_c lZ[ebpu����
[bl &5&�� 	 [bl JHQHUDWLRQBQXPEH� 
 dhebq_kl\h jZa � dhlhjh_ f_g_^`_j rbgu ]_g_jbjh\Ze dZjlm

lhiheh]bb rbgu����
[bl qbkeh ih^dexq_gguo mkljhckl\���
[bl VHOIBLGBFRXQ � 
 h[s__ qbkeh 6HOI,� iZd_lh\��ihkeZgguo mkljhckl\Zfb�

>Zevr_ k^_^mxl 
 [Zclh\u_ njZ]f_glu 6HOI,� iZd_lh\ \ dhebq_kl\_ VHOIBLGBFRXQW�

J_]bklj 63(('B0$ � kh^_j`bl hl
�

^h 
 � 	�� qbk_e � hij_^_eyxsbo fZdkbfZevgmx kdhjhklv�

i_j_^Zqb f_`^m dZ`^hc iZjhc mkljhckl\ � AZ]heh\hd lZdhc `_ \ j_]bklj_ 7232/2*<B0$3�

\ ke_^ aZ dhlhjuf jZaf_s_gu h^gh[Zclh\u_ we_f_glu �kbff_ljbqghc� fZljbpu kdhjhkl_c�

PHY Registers b Configuration ROM.

J_]bklju 3 ��� h[_ki_qb\Zxl gbadhmjh\g_\uc bgl_jn_ck d rbg_ � hgb fh]ml

[ulv ijhqblZgu ^jm]bfb mkljhckl\Zfb � `_eZxsbfb ihemqbl bgnhjfZpbx h qbke_ ihjlh\�

fZdkbfZevghc kdhjhklb i_j_^Zqb � \_jkbb ih^^_j`b\Z_fh]h klZg^ZjlZ ,(((
��� � 
 b�l�i��

ih^^_j`b\Z_fuo ^Zgguf mkljhckl\hf � G_dhlhju_ ba wlbo j_]bkljh\ fh]ml [ulv baf_g_gu

ijb ihfhsb ihkuedb iZd_lh\ 3 ��� &RQILJXUDWLRQ � GZijbf_j fh`gh ^Zlv mkljhckl\m dhfgZ^m

aZ^_j`Zlv k\h_ mqZklb_ \ ijhp_^mj_ 7U ��� ,GHQWLILFDWL �� gZ
���"!

fbdjhk_dmg^ � k l_f qh[u hgh

g_ kfh]eh ihemqblv jhev f_g_^`_jZ rbgu�

Djhf_ lh]h 3 ��� j_]bklju kh^_j`Zl bgnhjfZpbx 9HQGRU,� b 3URGXFW,'�

iha\heyxsb_ hij_^_eblv lbi mkljhckl\Z b b^_gpbnbpbjh\Zlv ^jZc\_j��dhlhjuc g_h[oh^bfh

bkihevah\Zlv ^ey g_]h � < ke_^mxs_c lZ[ebp_ ijb\h^blky iheguc kibkhd j_]bkljh\ \_jkbb

klZg^ZjlZ ���� # ������
� ���%$ bf__l kms_kl\_ggu_ hlebqby � khhl\_lkl\mxsb_ ^Zggu_

ijb\h^ylky \ dhgp_ wlh]h jZa^_eZ� � nmgdpbhgZevghklv g_dhlhjuo ba gbo ih^jh[gh fu g_

h[km`^Z_f � ;Zcl kh kf_s_gb_f �[
�����

aZj_a_j\bjh\Zg b g_ bkihevam_lky � iZju j_]bkljh\

�([WHQGH & b 7RWDOBSRUWV � 0D[BVSHH & b 5HSHDWH� 'HOD\ � 3DJHBVHOHF � b 3RUWBVHOHFW � jZa^_e_gu

\gmljb k\hbo [Zclh\ h^gbf g_bkihevam_fuf [blhf � >ey dZ`^h]h j_]bkljZ gZqbggZxs_]hky

gZ ]jZgbp_ [ZclZ \ lZ[ebp_ ijb\_^_gh kf_s_gb_ wlh]h [ZclZ�



J_]bklj3+<

IEEE1394a
AZibkv�

ql_gb_

>ebg

Z �ELW�

HibkZgb_

Physical ID R
6

< ijhp_kk_ 6HO � LGHQWLILFDWL ��� kx^Z aZghkblky Z^j_k

mkljhckl\Z �kf_s_gb_ �����

R R
1

< ijhp_kk_ 6HO � LGHQWLILFDWL ��� kx^Z aZghkblky ijbagZd

lh]h��qlh mFljhckl\h y\ey_lky dhjg_\uf maehf�

PS R

1

3RZH� VWDWX ��� mjh\_gv 3 �
	 mklZgZ\eb\Z_l wlhl [bl

_keb h[gZjm`_gh ih^oh^ys__ iblZxs__ gZijy`_gb_

gZ rbg_ ���� ��� \hevl�

RHB R/W

1

5RR 
 +RO � 2 ��� � fh`_l [ulv mklZgh\e_g ki_pbZevguf

dhgnb]mjZpbhgguf 3 �
	 iZd_lhf b aZklZ\ey_l

mkljhckl\h aZ^_j`Zlv k\h_ mqZklb_ \ dhgdmjbjh\Zgbb

aZ jhev dhjg_\h]h maeZ��GZagZq_gb_ wlhc \hafh`ghklb

h[km`^Zehkv \ ]eZ\_ ijh 7U ��� LGHQWLILFDWLRQ����kf_s_gb_

0001)

IBR R/W

1

,QLWLDW � %X � UHVH 
 � mklZgh\dZ wlh]h [blZ gZqbgZ_l

ijhp_kk i_j_aZ]jmadb rbgu��q_j_a ����� fbdjhk_dmg^

[bl Z\lhfZlbq_kdb k[jZku\Z_lky�

Gap_count R/W

6

Ih mfheqZgbx ihke_ EX � UHVH 
 kh^_j`bl agZq_gb_ ���

Bgl_j\Ze *D� bkihevam_lky ^ey hilbfbaZpbb i_j_^Zqb

ih rbg_ ijb jZaguo \j_f_gZo aZ^_j`db \ dZ[_e_��Maeu

EX � PDQDJH� b LVRFKURQRX � PDQDJH� fh]ml baf_gblv

agZq_gb_��aZibkZggh_ \ wlhf j_]bklj_�

Extended R

3

AgZq_gb_ � \ wlhf j_]bklj_ mdZau\Z_l gZ lh��qlh

bkihevam_lky jZkrbj_gguc nhjfZl

j_]bkljh\��kf_s_gb_ �����

Total_ports R 4Dhebq_kl\h ihjlh\��j_Zebah\Zgguo \ ^Zgghf mae_�

Max_speed R
3

FZdkbfZevgZy kdhjhklv��ih^^_j`b\Z_fZy

maehf��kf_s_gb_ �����

Repeater Delay R
4

Om^r__ \j_fy aZ^_j`db j_iblhjZ��\ujZ`Z_fZy dZd

144+(delay*20)ns.

Link active R/W
1

Fh`_l [ulv ijh]jZffgh i_j_ibkZg��3 �
	 bkihevam_l

wlhl j_]bklj ^ey EURDGFDVW�kf_s_gb_ �����

Contend R/W
1
&RQWHQGH��� fh`_l [ulv baf_g_g ijh]jZffgh�

hqbsZ_lky ijb i_j_aZ]jmad_ rbgu�

Repeater Delay Jitter R

3

JZagbpZ \j_f_g fZdkbfZevgh]h b fbgbfZevgh]h

\j_f_gb aZ^_j`db j_iblhjZ��\uqbkey_fZy ih nhjfme_�

(jitter+1)*20ns

Power Class R/W

3

Wlh agZq_gb_ i_j_^Z_lky \ 6HOI,� iZd_l_��mdZau\Z_l lbi

mkljhckl\Z ih hlghr_gbx d ihemq_gbx b ih^Zq_

iblZgby gZ rbg_�

Resume_int R/W

1

Ijb mklZgh\d_ wlh] [blZ ma_e h[yaZg mklZgh\blv

3RUWBHYHQ 
 [bl��_keb ihjl gZoh^beky \ khklhygbb

VXVSH��� b \u\_klb ihjl ba wlh]h khklhygby�kf_s_gb_

0101)



J_]bklj3+<

IEEE1394a
AZibkv�

ql_gb_

>ebg

Z �ELW�

HibkZgb_

ISBR R/W

1

,QLWLDW � 6KRU � %X � 5HVH ��� ijb mklhgh\d_ \uau\Z_l lZd

gZau\Z_fmx dhjhldmx i_j_aZ]jmadm rbgu�

�bkihevamxsmx f_oZgbaf Zj[bljZ`Z���Ihke_

i_j_aZ]jmadb Z\lhfZlbq_kdb k[jZku\Z_lky�

Loop R/WC

1

IhemqZ_l agZq_gb_ � \ kemqZ_ h[gZjm`_gby i_l_ev \

lhiheh]bb rbgu��h[gZjm`b\Z_fuo ih bkl_q_gbx

lZcfZmlZ \ ijhp_k_ 7U ��� ,GHQWLILFDWLRQ��Fh`_l [ulv

k[jhr_g aZibkvx ��

Power Fail R/WC

1

IhemqZ_l agZq_gb_ � _keb iblZxs__ gZijy`_gb_ rbgu

iZ^Z_l gb`_ �� � \hevl��Fh`_l [ulv k[jhr_g aZibkvx

1.

Timeout R/WC

1

MdZau\Z_l gZ bkl_q_gb_ lZcfZmlZ Z\lhfZlZ Zj[bljZ`Z

����� �
	�	 fbdjhk_dmg^��Fh`_l [ulv k[jhr_g aZibkvx

1.

Port_event R/W

1

MklZgZ\eb\Z_lky ZiiZjZlgh ijb h[gZjm`_gbb

baf_g_gby \_ebqbgu we_dljbq_kdh]h kf_s_gby ihjlZ�

ih^kh_^bg_gby��i_j_oh^Z \ khklhygb_ GLVDEOH � beb IDXOW

\ kemqZ_ _keb mklZgh\e_g [bl ,QWB(QDEOHG��LZd`_

mklZgZ\eb\Z_lky \ kemqZ_ UHVXP � _keb mklZgh\e_g [bl

Resume_int.

Enab_accel R/W
1

JZaj_rZ_l mkdhj_gguc Zj[bljZ` _keb wlh jZkrbj_gb_

ih^^_j`b\Z_lky�

Enab_multi R/W 1JZaj_rZ_l dhgdZl_gZpbx iZd_lh\ jZaguo kdhjhkl_c�

Page_select R/W

3

<u[bjZ_l j_]bkljh\mx kljZgbpm

	�	�	 kljZgbpZ ihjlZ��mdZaZggh]h \ 3RUWBVHOHFW

	�	 � kljZgbpZ 9HQGRU,'

����� kljZgbpZ 9HQGR
 GHSHQGHQW

�kf_s_gb_ �����

Port_select R/W
4

MdZau\Z_l d dZdhfm ihjlm [m^_l hlghkblvky kljZgbpZ

\u[jZggZy 3DJHBVHOHFW

KljZgbpZ ihjlZ kh^_j`bl bgnhjfZpbx hlghkysmxky d khklhygbx \u[jZggh]h

�ijb ihfhsb j_]bkljZ 3RUWBVHOHFW � ihjlZ mkljhckl\Z�

J_]bklj kljZgbpu

ihjlZ

>ebgZ

(bit)
Ql_gb

_�aZibk

v

HibkZgb_

AStat
2

Khklhygb_ \uoh^h\ iZju kb]gZevguo ijh\h^h\ 73$

�� ´=´��� ´�´��� ´�´��� ´,QYDOLG´��kf_s_gb_ �����

BStat 2 :gZeh]bqgh $VWDW��gh ^ey 73%�

Ch 1 1–Child port, 0-Parent port.

Con 1 ��� ihjl ih^kh_^bg_g�� � � ihjl k\h[h^_g



J_]bklj kljZgbpu

ihjlZ

>ebgZ

(bit)
Ql_gb

_�aZibk

v

HibkZgb_

Bias
1

MklZgh\e_g \ � _keb \oh^gu_ p_ib h[gZjm`b\Zxl

we_dljbq_kdh_ kf_s_gb_�

Disabled 1 MklZgh\e_g \ � _keb ihjl aZij_s_g

Negotiated speed

3

FZdkbfZevgZy kdhjhklv ^ey ^Zggh]h ihjlZ�

dh^bjm_lky lZd `_ dZd b kh^_j`bfh_ j_]bkljZ

0D[BVSHHG��kf_s_gb_ �����

Int_Enable
1

JZaj_rZ_l j_]bklj 3RUWBHYHQ � _keb mklZgh\e_gh \ �

�j_Zdpby gZ kh[ulby &RQQHFWHG��%LDV��'LVDEOHG��)DXOW�

Fault 1

KljZgbpZ 9HQGRU,� kh^_j`bl ke_^mxsmx bgnhjfZpbx�

1. Kh kf_s_gb_f ������� �[blh\uc &RPSLDQFHBOHYH � mjh\_gv ih^^_j`b\Z_fh]h klZg^ZjlZ � ���
g_ mdZaZg�� �	�
������
 D��hklZevgu_ agZq_gby ^ey ke_^mxsbo \_jkbc��

2. Kh kf_s_gb_f ������� gZoh^blky ��
 [blh\h_ agZq_gb_ 9HQGRU,'�

3. Kh kf_s_gb_f ������� lZd `_ ��
 [blh\h_ agZq_gb_ 3URGXFW,'

NhjfZl b kh^_j`Zgb_ \hkvfb j_]bkljh\ kljZgbpu 9HQGR� GHSHQGHQW

hij_^_ey_lky ijhba\h^bl_e_f�

>ey 3 ��� j_]bkljh\ mklZgh\e_g kljZgbqguc j_`bf Z^j_kZpbb��\ aZ\bkbfhklb hl

agZq_gby aZg_k_ggh]h \ j_]bklj 3DJHBVHOHF � h[eZklv khkf_s_gbyfb �[�����

�[�����ke_^mxsZy kjZam aZ 3RUWBVHOHFW��ij_^klZ\ey_l h^gm ba lj_o \hkvfbj_]bkljh\uo

kljZgbp � 3RU � 6WDWX � 3DJH��9HQGR � ,GHQWLILFDWL ��� 3DJH��9HQGRU�GHSHQGDQ ��� QIRUPDWL ����� DJH�
DZ`^uc j_]bklj gZ wlbo kljZgbpZo bf__l ^ebgm \ h^bg [Zcl�

< aZdexq_gbb ijb\h^bf ZgZeh]bqgu_ ^Zggu_ ^ey ,(((����������

J_]bklj3+<

IEEE1394-1995
>ebgZ

(bit)
HibkZgb_

Physical ID
6

< ijhp_k_ 6HO � LGHQWLILFDWL ��� kx^Z aZghkblky Z^j_k

mkljhckl\Z

R
1

< ijhp_k_ 6HO � LGHQWLILFDWL ��� kx^Z aZghkblky ijbagZd lh]h�

qlh mFljhckl\h y\ey_lky dhjg_\uf maehf�

PS

1

3RZH� VWDWX � � mjh\_gv 3 ��� mklZghZ\eb\Z_l wlhl [bl _keb

h[gZjm`_gh ih^oh^ys__ iblZxs__ gZijy`_gb_ gZ rbg_

���� ��� \hevl���kf_s_gb_ �����

RHB

1

5RR � +RO � 2 � �!� fh`_l [ulv mklZgh\e_g ki_pbZevguf

dhgnb]mjZpbhgguf 3 �"� iZd_lhf b aZklZ\ey_l mkljhckl\h

aZ^_j`Zlv k\h_ mqZklb_ \ dhgdmjbjh\Zgbb aZ jhev dhjg_\h]h

maeZ��GZagZq_gb_ wlhc \hafh`ghklb h[km`^Zehkv \ ]eZ\_

ijh 7U #$# LGHQWLILFDWLRQ�
�kf_s_gb_ �����

IBR

1

,QLWLDW # %X � UHVH � � mklZgh\dZ wlh]h [blZ gZqbgZ_l ijhp_kk

i_j_aZ]jmadb rbgu��q_j_a �&%�% fbdjhk_dmg^ [bl

Z\lhfZlbq_kdb k[jZku\Z_lky�



J_]bklj3+<

IEEE1394-1995
>ebgZ

(bit)
HibkZgb_

Gap_count

6

Ih mfheqZgbx ihke_ EX � UHVH � kh^_j`bl agZq_gb_ ���

Bgl_j\Ze *D� bkihevam_lky ^ey hilbfbaZpbb i_j_^Zqb ih

rbg_ ijb jZaguo \j_f_gZo aZ^_j`db \ dZ[_e_��Maeu EXV

PDQDJH� b LVRFKURQRX � PDQDJH� fh]ml baf_gblv agZq_gb_�

aZibkZggh_ \ wlhf j_]bklj_�

SPD

2

Hij_^_ey_l fZdkbfZevgmx kdhjhklv i_j_^Zqb�

ih^^_j`b\Z_fmx mjh\g_f 3+<�

00 – 100Mb/sec

01 – 200Mb/sec

10 – 400Mb/sec�����
aZj_a_j\bjh\Zgh

�kf_s_gb_ �����

E
1
(QKDQFH �
	��
� � _keb mklZgh\e_g��lh hagZqZ_l qlh j_Zebah\Zgu

j_]bklju bkihevamxsb_ ijhkljZgkl\h ihke_ �3RUWV�����

#Ports
5

Qbkeh bf_xsboky \ mae_ ihjlh\��khhl\_lkl\_ggh qbkeh

ke_^mxsbo ^Ze__ j_]bkljh\ klZlmkZ [m^_l lh `_ kZfh_

AStat[n]

2

Kh^_j`bl khklhygb_ \uoh^h\ ^ey \blhc iZju 73$�

11 - “Z”

01 - “1”

10 - “0”

00 – invalid

�$VWDW>� � bf__l kf_s_gb_ �����

BStat[n]

2

Kh^_j`bl khklhygb_ \uoh^h\ ^ey \blhc iZju 73%�

11 - “Z”

01 - “1”

10 - “0”

00 - invalid

Ch[n]
1

MklZgh\e_g \ � _keb d ihjlm ih^kh_^bg_g ma_e ³FKLOG � b \ �

_keb ³SDUHQW´

Con[n] 1MklZgh\e_g _keb d ihjlm ih^dexq_g ^jm]hc ma_e

ENV

2

Bkihevam_lky \f_kl_ k ³HQKDQFH � UHJLVWHU � �kf��ihe_ (��

bf__l ke_^mxsb_ agZq_gby�

00 – backplane

01 – cable

��� b ����� aZj_a_j\bjh\Zgu

�kf_s_gb_ �����



J_]bklj3+<

IEEE1394-1995
>ebgZ

(bit)
HibkZgb_

Reg_count

6

MdZau\Z_l dhebq_kl\h ^hihegbl_evguo j_]bkljh\ �kf��ihe_

(���dhlhju_ ke_^mxl g_ihkj_^kl\_ggh ^Ze__ gZqbgZy kh

kf_s_gby ����



Configuration ROM

>ey j_]bkljh\ &RQILJXUDWL ��� 52 � ij_^mkfhlj_g fbgbfZevguc nhjfZl � dhlhjuc

kh^_j`bl lhevdh ��� [blh\uc 9HQGRU,� b h[sbc nhjfZl � ij_^klZ\eyxsbc kh[hc gZ[hj

^bj_dlhjbc��kh^_j`Zsbo ki_pbnbq_kdmx bgnhjfZpbx�

FbgbfZevguc nhjfZl bf__l ke_^mxsbc \b^�

8bit 0x01 24bit VendorID

NhjfZl h[s_]h \b^Z kh^_j`bl aZ]heh\hd � dhjg_\mx ^bj_dlhjbx b

ih^^bj_dlhjbb 	 Ijbf_j lh]h � dZd ijZ\bevgh ijhqblZlv b jZkrbnjh\Zlv kh^_j`bfh_

Configuration ROM � fh`gh gZclb \ ^hdmf_glZpbb ih \b^_hdZf_j_ 6RQ\ � dhlhjZy

h[km`^Z_lky gb`_ \ wlhc ]eZ\_�

Djhf_ lh]h � mkljhckl\h fh`_l [ulv khklZ\guf b kh^_j`Zlv \ k_[_ g_kdhevdh

_^bgbp �XQLW 
 \ wlhf kemqZ_ &RQILJXUDWL ��� 520 � kh^_j`bl hl^_evgu_ ^bj_dlhjbb k

bgnhjfZpb_c h dZ`^hc _^bgbp_�

KljmdlmjZ 52
�

h[s_]h nhjfZlZ khklhbl ba jy^Z [ehdh\ �\dexqZy ^bj_dlhjbb��

^ebgZ dhlhjuo djZlgZ hdl_lm � � � [blZ� 	 AZ]heh\hd wlhc kljmdlmju khklhbl ba ke_^mxsbo

ihe_c ��
 QIRBOHQJW � � � [bl� � FUFBOHQJW � � � [bl� � URPBFU � � ��� [bl� 	 Ihe_ LQIRBOHQJW � iha\hey_l

ijh]jZffZf hlebqZlv 52
�

fbgbfZevgh]h nhjfZlZ hl 52
�

h[s_]h nhjfZlZ 	 >ey

fbgbfZevgh]h nhjfZlZ i_j\u_ � [bl kh^_j`Zl qbkeh � 	 < k\hx hq_j_^v FUFBOHQJW � mdZau\Z_l

h[smx ^ebgm iZfylb��ihdjulhc &5&�

<ke_^ aZ aZ]heh\dhf gZoh^blky khklhysbc ba q_luj_o hdl_lh\ EXVBLQIRBEORFN�

I_j\uc _]h hdl_l kh^_j`bl $6& ��� ij_^klZ\e_gb_ gZa\Zgby rbgu �³����´� 	 <lhjhc hdl_l

kh^_j`bl bgnhjfZpbx h kihkh[ghklyo mkljhckl\Z ih hlghr_gbx dZ jZ[hl_ rbgu � ^ey ����D

nhjfZl y\ey_lky jZkrbj_gb_f lZdh\h]h ^ey ����������

J_]bklj >ebgZ

�[bl�

irmc 1NeZ] kihkh[ghklb mkljhckl\Z [ulv f_g_^`_jhf bahojhgguo j_kmjkh\

cmc 1NeZ] kihkh[ghklb \uihegylv jhev &\FO � PDVWHU
isc 1NeZ] ih^^_j`db bahojhgghc i_j_^Zqb

bmc 1NeZ] kihkh[ghklb [ulv f_g_^`_jhf rbgu

pmc 1NeZ] kihkh[ghklb \uihegylv jhev 3RZH� PDQDJH��� ����D�
reserved 4

cyc_clk_acc

8

>ey mkljhckl\ k mklZgh\e_gguf FP � kh^_j`bl agZq_gb_ lhqghklb

lZdlh\ qZkh\ \ _^bgbpZo fbeebhgguo ^he_c k_dmg^u �^himklbfu_

agZq_gby hl � ^h ^\hbqgh]h ������^ey ijhqbo mkljhckl\ aZiheg_g

_^bgbpZfb�

max_rec

4

AZ^Z_l agZq_gb_ fZdkbfZevghc ^ebgu Zkbgojhggh]h iZd_lZ k dhlhjuf

fh`_l jZ[hlZlv ^Zggh_ mkljhckl\h��>ebgZ \uqbkey_lky dZd � \ kl_i_gb

_^bgbpZ iexk agZq_gb_ ^Zggh]h j_]bkljZ��< gZklhys__ \j_fy

bkihevamxlky agZq_gby hl � ^h ���

reserved 4

gen
2

NeZ]��mdZau\Zxsbc baf_gyehkv eb kh^_j`bfh_ &RQILJXUDWL ��� 52 � kh

\j_f_gb ij_^u^ms_]h EX � UHVHW�����D�
reserved 3

link_speed 3(1394a)



 B gZdhg_p ihke_^gb_ ^\Z hdl_lZ � kh^_j`Zl QRGHBYHQGRUBL
�����

[bl b \ke_^ aZ gbf���
[bl FKLSBLG � Wlb 	 � [blZ ^he`gu h^ghagZqgh b^_glbnbpbjh\Zlv ^Zggh_ mkljhckl\h � Lh `_

kZfh_ agZq_gb_ kh^_j`blky \ ^bj_dlhjbyo \ kljmdlmj_ 1RGHBXQLTXHBL
�
OHDI�

Ke_^hf aZ EXVBLQIRBEORF
 jZkiheZ]Z_lky kljmdlmjZ ^bj_dlhjbc � gZqbgZxsZyky k

5RRWBGLUHFWRU\ � < dhjg_\hc ^bj_dlhjbb 52 � h[s_]h nhjfZlZ ^he`gu h[yaZl_evgh

ijbkmlkl\h\Zlv ke_^mxsb_ ih^^bj_dlhjbb � 0RGXOHB9HQGRUB,G � 1RGHB&DSDELOLWLHV�

1RGHB8QLTXHB,G � >bj_dlhjby 1RGHB8QLTXHB,
�

\ \_jkbb klZg^ZjlZ ���� 
 [he__ g_ y\ey_lky

h[yaZl_evghc lZd dZd khklZ\eyxsb_ 1RGHB9HQGRUB,� b &KLSB,� ^hklmigu \ EXVBLQIRBEORFN�

>bj_dlhjbb b nZceu bf_xl ke_^mxsbc nhjfZl � �
[blZ lbi dexqZ � 	 [bl

agZq_gb_ dexqZ � ��� [blZ kh^_j`bfh_ � Lbi dexqZ hij_^_ey_l dZd `_ kh[kl\_ggh gZclb

h[t_dl � \hafh`gu ke_^mxsb_ \ZjbZglu � �
hagZqZ_l qlh ^Ze__ ke_^m_l g_ihkj_^kl\_ggh

agZq_gb_ ��� mdZau\Z_l gZ lh � qlh ^Ze__ b^_l agZq_gb_ kf_s_gby �hl gZqZeZ ,QLWLD � 5HJLVWHUV
6SDFH � ]^_ gZoh^blky iZjZf_lj � �

hagZqZ_l qlh ^Ze__ b^_l kkuedZ gZ nZce b gZdhg_p �

hagZqZ_l kkuedm gZ ^bj_dlhjbx � AgZq_gb_ dexqZ hij_^_ey_l gZagZq_gb_ b lbi h[t_dlZ�

\hafh`gu_ agZq_gby ijb\_^_gu \ lZ[ebp_�

AgZq_gb_ dexqZ

0x03 Module_Vendor_Id

0x0C Node_Capabilities

0x0D Node_Unique_Id

0x02 %XVB'HSHQGDQWB,QI � �^bj_dlhjby beb nZce�

0x04 Module_Hardware_Version

0x05 Module_Spec_Id

0x06 Module_Software_Version

0x07 0RGXOHB'HSHQGHQWB,QI � �^bj_dlhjby beb nZce�

0x08 Node_Vendor_Id

0x09 Node_Hardware_Version

0x0A Node_Spec_Id

0x0B Node_Software_Version

0x10 1RGHB'HSHQGHQWB,QI � �^bj_dlhjby beb nZce�

0x11 8QLWB'LUHFWRU � �h^gZ ^ey dZ`^h]h \oh^ys_]h \ khklZ\ XQLW�Z�

>eiheghlu baeh`_gby \ lZ[ebp_ gb`_ ijb\h^ylky lZd `_ [blh\u_ neZ`db

1RGHB&DSDELOLWLH � �dZ`^uc neZ`hd bf__l ^ebgm � [bl b i_j\uc neZ`hd gZqbgZ_lky \

ihabpbb ���l�_��I_j\u_ � [bl g_ bkihevamxlky���bo gZagZq_gb_ a^_kv g_ h[km`^Z_lky�

NeZ`hd \

Node_Capabilitie
s

HibkZgb_

spt Ih^^_j`dZ 6S ��������� PHRXW
ms J_Zebah\Zgu j_]bklju 0HVVDJLQJBSDVVLQJ

int J_Zebah\Zgu j_]bklju ,QWHUUXSWBWDUJH � b ,QWHUUXSWBPDVN

ext J_Zebah\Zgu j_]bklju $UJXPHQW

bas J_Zebah\Zgu j_]bklju 7HVWBVWDU � b 7HVWBVWDWXV



NeZ`hd \

Node_Capabilitie
s

HibkZgb_

prv >Zgguc Node j_Zebam_l private space

_64 Bkihevam_lky ��� jZajy^gZy Z^j_kZpby

fix Bkihevam_lky nbdkbjh\ZggZy Z^j_kZpby �\k_]^Z mklZgh\e_g�

lst J_Zebah\Zg Lost_bit \ State_clear b State_set

drq J_Zebah\Zg Disable_request \ State_clear b State_set

r AZj_a_j\bjh\Zg

elo J_Zebah\Zg j_]bklj (UURUBOR � b khhl\_lkl\mxsbc [bl \ \ 6WDWHBFOHD� b

State_set

atn J_Zebah\Zg [bl Attention \ State_clear b State_set

off J_Zebah\Zg [bl Off \ State_clear b State_set

ded Ih^^_j`b\Z_lky j_`bf GHD � VWDWH
init Ih^^_j`b\Z_lky j_`bf LQLWLDOL]LQ � VWDWH

KljmdlmjZ 1RGHB8QLTXHB,� ke_^mxsZy � khhl\_lkl\mxsbc nZce kh^_j`bl \ k\h_f

aZ]heh\d_ kf_s_gb_ 	 mdZau\Zxs__ gZ kh^_j`bfh_ khklhys__ ba 
�� [blh\h]h agZq_gby

�[������&5& 
�� [bl �ihdju\Zxs__ hklZ\rb_ky ihey��� 
�� ���� 1RGHBYHQGRUBLG�� ��� [bl &KLSBLG�

Ba hibkZgby j_]bkljh\ &6 � �&RQWUR � D ��� 6HW ��� 5HJLVWHUV � \b^gh 	 qlh j_ZebaZpby

\k_]h wlh]h gZ[hjZ kh klhjhgu mkljhckl\Z fh`_l hdZaZlvky g_ lZdbf m` ijhkluf ^_ehf ih

kjZ\g_gbx k k 86 � b ^Z`_ 3& � mkljhckl\hf � AZ^Zqm fh`_l g_kdhevdh mijhklblv gZebqb_

klZg^ZjlZ gZ j_ZebaZpbb qbih\ )LUH:LU � mjh\g_c 3 � � b /,1. 	 gZau\Z_fh]h 2+&,�����

�2SH� +RV ! &RQWUROOH " ,QWHUIDFH� � L_f g_ f_g__ k wlhc aZ^Zq_c \ gZklhys__ \j_fy \_kvfZ

mki_rgh kijZ\eyxlky g_dhlhju_ hl_q_kl\_gguc ijhba\h^bl_eb we_dljhggh]h h[hjm^h\Zgby�

lZdb_ dZd gZijbf_j ³Bgkljmf_glZevgu_ Kbkl_fu # �www.insys.ru� � ³Bgkljmf_glZevgu_

Kbkl_fu´ij_^eZ]Zxl ki_pbZebabjh\Zggu_ kbkl_fu k[hjZ ^Zgguo 	 g_dhlhju_ ba dhlhjuo

bkihevamxl )LUH:LU � ^ey k\yab k dhfivxl_jhf�

JZkkfhljbf dZd \k_ wlh fh`_l bkihevah\Zlvky gZ ijbf_j_ pbnjh\uo \b^_hdZf_j

6RQ $ ;&'�6; %&�&� b ;&'�;��� 	 ih^jh[gh_ hibkZgb_ ijhlhdheu jZ[hlu dhlhjuo fh`gh

gZclb gZ kZcl_ ijhba\h^bl_ey \ nZceZo *;&'6;���(�SG ' b *'):9���(�SGI�

>ey lh]h 	 qlh[u \b^_hdZf_jZ gZqZeZ i_j_^Zqm bah[jZ`_gby g_h[oh^bfh

hij_^_eblv dZdh_ ba ih^dexq_gguo d rbg_ mkljhckl\ y\ey_lky dZf_jhc b

ijhbgbpbZebabjh\Zlv __ ihke_ wlh]h dZf_j_ g_h[oh^bfh khh[sblv `_eZ_fu_ gZkljhcdb�

qZklhlm dZ^jh\ b nhjfZl i_j_^Zqb bah[jZ`_gby � DZf_j_ lZd `_ g_h[oh^bfh mdZaZlv dZdmx ba

^\mo ^hklmiguo kdhjhkl_c i_j_^Zqb ke_^m_l bkihevah\Zlv ����0ELW�V �)( beb ���0ELW�V �*( ��
JZamf__lky \u[jZggZy kdhjhklv i_j_^Zqb ^he`gZ [ulv ^hklZlhqgZ ^ey i_j_^Zqb lj_[m_fh]h

qbkeZ dZ^jh\ \ k_dmg^m \ \u[jZgghf nhjfZl_ � Ihke_ wlh]h g_h[oh^bfh kha^Zlv bahojhgguc

dZgZe gm`ghc ijhimkdghc kihkh[ghklb 	 �[he__ ih^jh[gh ijhp_^mjZ hibkZgZ jZg__� 	 b

khh[sblv _]h ghf_j dZf_j_ k l_f qlh[u hgZ gZqZeZ i_j_^Zqm � Ihke_ wlh]h hklZ_lky \ pbde_

ijbgbfZlv iZd_lu k bah[jZ`_gb_f�

H[uqgh ijhp_^mjZ kha^Zgby dZgZeZ gZqbgZ_lky k hij_^_e_gby Z^j_kZ mkljhckl\Z

f_g_^`_jZ bahojhgguo j_kmjkh\ � Wlhl Z^j_k fh`gh ijhq_klv \ j_]bkljZo mkljhckl\Z

f_g_^`_jZ rbgu � H[uqgh $3 � ij_^hklZ\ey_l \hafh`ghklv magZlv wlb Z^j_kZ � >ey kha^Zgby



dZgZeZ g_h[oh^bfh ijhq_klv b fh^bnbpbjh\Zlv ijb ihfhsb nmgdpbb ORF� j_]bklju

%$1':,'7+B$9$,/$%/ � b &+$11(/6B$9$,/$%/� \ f_g_^`_j_ bahojhgguo j_kmjkh\

k l_f qlh[u qZklv k\h[h^ghc ihehku hl\_klb ih^ \gh\v kha^Z\Z_fuc dZgZe�

<hafh`gh \k_ wlh dZ`_lky g_kdhevdh keh`guf � h^gZdh _keb g_ kqblZlv jZkq_lZ

\_ebqbgu gZ dhlhjmx ke_^m_l baf_gblv %$1':,'7+B$9$,/$%/( � \k_ hklZevgh_

k\h^blky d \uah\m g_kdhevdh jZa nmgdpbc UHDG�ZULWH�ORFN�

>ey lh]h qlh[u ³h[gZjm`blv � dZf_jm gm`gh ihemqblv ijb ihfhsb $3 � kibkhd

\k_o mkljhckl\ b ijhqblZ\ 9HQGRU,� b 3URGXFW,� ba &RQILJXUDWL ��� 52 	 dZ`^h]h ba gbo

aZihfgblv Z^j_k mkljhckl\Z gZc^_gghc dZf_ju 
 ?keb _^bgkl\_gguf ih^dexq_gguf

mkljhckl\hf y\ey_lky dZf_jZ � wlm ijhp_^mjm fh`gh ijhimklblv 
 >Zevg_cr__ � kh]eZkgh

hibkZgbx ijhlhdheZ ijb\h^bfhfm ijhba\h^bl_e_f � k\h^blky ijbf_jgh d ke_^mxs_c

ihke_^h\Zl_evghklb dhfZg^�

1. AZibkZlv \ j_]bklju dZf_ju ih Z^j_km �[))))
)�)�
 ������� agZq_gb_ �[����
 ������� b l_f

kZfuf ijhbgbpbZebabjh\Zlv dZf_jm�

2. <u[jZlv dhebq_kl\h dZ^jh\ bah[jZ`_gby \ k_dmg^m �gZijbf_j ��� 
 aZibkZ\ ih Z^j_km

�[))))
)�)�
 ������� agZq_gb_ �[����
����

3. <u[jZlv jZaj_r_gb_ dZjlbgdb � kdZ`_f ����[ ����� �aZibkv ih Z^j_km �[))))
)�)�
����

agZq_gby �[$���
 ������� �
4. MklZgh\blv ^himklbfuc ^ey \u[jZggh]h jZaj_r_gby nhjfZl i_j_^Zqb �[))))
)�)�
����

agZq_gb_ �[����
����

5. Khh[sblv dZf_j_ ghf_j kha^Zggh]h jZg__ bahojhggh]h dZgZeZ b kdhjhklv i_j_^Zqb

�aZibkv ih Z^j_km �[))))
)�)�
���K agZq_gb_ �[1����
 ������� beb �[1����
���� � \

aZ\bkbfhklb hl \u[jZgghc kdhjhklb��]^_ ��� ghf_j dZgZeZ hl �[ � ^h �[)�

6. B gZdhg_p \dexqblv i_j_^Zqm bah[jZ`_gby aZibkZ\ ih Z^j_km �[))))
)�)�
 ������� agZq_gb_

0x8000'0000
< ijbgpbi_ gbq_]h keh`gh]h � <h \kydhf kemqZ_ g_ keh`g__ i_j_^Zqb q_j_a

ihke_^h\Zl_evguc ihjl 56 ����� k bkihevah\Zgb_f ijh]jZffgh]h mijZ\e_gby ihlhdhf ��

JZamf__lky gZ ijZdlbd_ ^ey lh]h � qlh[u ijb i_j_^Zq_ bah[jZ`_gby g_

ijhbkoh^beh _]h ihl_jv � gZf ihlj_[m_lky ijb_fguc [mnn_j ^hklZlhqgh [herh]h jZaf_jZ�

h[jZ[hldZ hrb[hqguo kblmZpbc b lhfm ih^h[gh_ � gh kmlv ^_eZ wlh g_ f_gy_l 
 L_i_jv fu

ij_^klZ\ey_f k_[_ dZd jZ[hlZlv k )LUH:LU � mkljhckl\Zfb 
 Ih^kbkl_fZ )LUH:LU � gZr_c HK ijb

ijb_f_ ^Zgguo hl mkljhckl\Z q_j_a bahojhgguc dZgZe ijhklh [m^_l \uau\Zlv gZrm nmgdpbx

b i_j_^Z\Zlv \ g__ ijbr_^rb_ ^Zggu_��gZrZ aZ[hlZ l_i_jv lhevdh mki_\Zlv bo h[jZ[Zlu\Zlv�

BahojhggZy i_j_^ZqZ jZ[hlZ_l ijbf_jgh lZd `_ �ijbf_ju fh`gh gZclb \

bkoh^guo l_dklZo HK /LQX[� � h^gZdh \k_ fh`_l [ulv ^hklZlhqgh ]eZ^dh ^h l_o ihj ihdZ

ijbgbfZxs__ mkljhckl\h y\ey_lky ^hklZlhqgh bgl_ee_dlmZevguf qlh[u ijZ\bevgh

bkihevah\Zlv ijbgbfZ_fuc ihlhd ^Zgguo gZ k\h_c klhjhg_ 
 J_qv b^_l \h h q_f � gZijbf_j

ijb ihemq_gbb bah[jZ`_gby _keb wlh bah[jZ`_gb_ lj_[m_lky ihdZau\Zlv gZ wdjZg_

ijbgbfZxsbc dhfivxl_j fh`_l hij_^_eylv dZdhc dZ^j \b^_h b dh]^Z dh]^Z ke_^m_l gZqZlv

b aZdhgqblv ihdZau\Zlv qlh[u bah[jZ`_gb_ g_ ^_j]Zehkv b g_ aZfbjZeh � \h[s_f \_eh k_[y

Z^_d\Zlgh��H^gZdh \ dZq_kl\_ ijbgbfZxs_]h mkljhckl\Z fh]ml ihiZklvky kms_kl\_ggh f_g__

bgl_ee_dlmZevgu_ dZfdhj^_ju � dhlhju_ ihdZau\Zxl dZ`^uc dZ^j bah[jZ`_gby jh\gh lh]^Z

dh]^Z bfb wlhl dZ^j ihemq_g 
 B qlh `_ \ j_amevlZl_  DZfdhj^_j ! bkihevamxsbc

l_e_\babhgguc nhjfZl 176 " ^ey \gmlj_gg_]h ij_^klZ\e_gby bah[jZ`_gby ^ey ijZ\bevghc

jZ[hlu ^he`_g ihemqZlv ��� #�$ \b^_hdZ^jh\ \ k_dmg^m % Bah[jZ`_gb_ i_j_^Z_lky \gmljb

iZd_lh\ ijhlhdheZ &,& �&RPP '�( ,VRFKURQRX ) 3DFNHWV� % JZaf_j dZ^jh\ khklZ\ey_l ���[����

khhl\_lkl\_ggh h^bg dZ^j aZgbfZ_l *,+�-�-�-�- [Zcl % LZdbf h[jZahf 176 " lj_[m_l kdhjhklb

i_j_^Zqb �����
������ .�/�0�13254�4 [Zcl \ k_dmg^m 6 Bahojhggu_ iZd_lu ,((( 78.�0�2 i_j_^Zxlky k

qZklhlhc �D=p b _keb \u[jZlv ^ey dZgZeZ gZb[he__ [ebadmx d lj_[m_fhc kdhjhklv i_j_^Zqb�

lh k mq_lhf \k_o ihe_c aZ]heh\dZ &,9 iZd_lZ hdZ`_lky qlh h^bg lZdhc iZd_l [m^_l i_j_^Z\Zlv
2;:�4 [Zcl bah[jZ`_gby 6 Gh ^ey lh]h < qlh[u ^hklbqv kdhjhklb i_j_^Zqb ��� 0�= dZ^jh\ \ k_dmg^m

ihlj_[h\Zehkv [u \ h^ghf iZd_l_ i_j_^Z\Zlv ������������ ���� /�/ [Zcl \ k_dmg^m > Ijhklu_

mkljhckl\Z g_ fh]ml ij_h[jZah\u\Zlv ihlhdb \b^_h k h^ghc qZklhlhc dZ^jh\ \ ihlhdb \b^_h



k ^jm]hc qZklhlhc � Gh d kqZklvx &,
�

^himkdZ_l ^jm]h_ j_r_gb_ wlhc ijh[e_fu � ijbf_jgh �

ba ��� &,
�

iZd_lh\ ^he`_g kh^_j`Zlv \gmljb k_[y mdZaZgb_ qlh hg g_ g_k_l \ k_[_ [Zclh\

^Zgguo bah[jZ`_gby � lZdb_ iZd_lu b]ghjbjmxlky mkljhckl\hf � ;he__ ih^jh[gmx

bgnhjfZpbx h i_j_^Zq_ bah[jZ`_gby fh`gh gZclb \ ^hdmf_glZpbb b bkoh^guo l_dklZo

Linux.



:iiZjZlgu_ j_r_gby ^ey mkljhckl\ 86
�

b )LUH:LUH

USB

Ijhba\h^bl_eb we_dljhgguo dhfihg_glh\ \uimkdZxl ki_pbZebabjh\Zggu_

fbdjhko_fu � j_Zebamxsb_ ijhlhdheu 86 � ohklZ b mkljhckl\Z � K bkihevah\Zgb_f wlbo

fbdjhko_f fh`gh j_Zebah\Zlv kh[kl\_ggu_ ZiiZjZlgu_ j_r_gby ^ey rbgu 86% � Djhf_

lh]h � ^ey j_ZebaZpbb dZdbo�eb[h ^hihegbl_evguo \hafh`ghkl_c g_ ij_^mkfhlj_gguo

ijhba\h^bl_eyfb fh`gh \hkihevah\Zlvky fbdjhko_fZfb ijh]jZffbjm_fhc eh]bdb �3/,6� � \

dZq_kl\ hlijZ\ghc lhqdb ^ey wlh]h fh`gh \hkihevah\Zlvky gZijbf_j 9+' � ijhrb\dZfb

86 � ^jZc\_jh\ ^hklmigufb gZ kZcl_ www.opencores.org � Ihke_^g__ fh`_l [ulv bgl_j_kgh

lZd `_ k lhqdb aj_gby bamq_gby we_dljbq_kdh]h ijhlhdheZ rbgu�

 >ey lh]h � qlh[u [ukljh j_Zebah\Zlv kh[kl\_ggh_ mkljhckl\h k 86%

bgl_jn_ckhf ijhs_ \hkihevah\Zlvky h^ghc ba k_jbcgh \uimkdZ_fuo fbdjhko_f � < dZq_kl\_

ijbf_jZ fh`gh ijb\_klb fbdjhko_fm 86%1 ���	��
 ijhba\h^kl\Z 1DWLRQD � 6HPLFRQGXFWRU�

ihegh_ hibkZgb_ wlhc fbdjhko_fu k\h[h^gh ^hklmigh q_j_a Bgl_jg_l � K ihfhsvx

86%1 ���	��
 fh`gh ^hklZlhqgh [ukljh ba]hlh\blv 86 � mkljhckl\h ³kh[kl\_ggh]h

ijhba\h^kl\Z
 �fgh]h ihe_aguo kh\_lh\ gZ wlm l_fm fh`gh gZclb \ dhgn_j_gpbb

www.telesys.ru b gZ kZcl_ http://www.is.svitonline.com/vks/
).

Ihkdhevdm lj_[m_lky j_]bkljZpby kh[kl\_gguo 9HQGRU,� b 3URGXFW,� ^ey

ijhfure_ggh]h \uimkdZ 86 � mkljhckl\ ijhba\h^bl_eb fbdjhko_fu aZj_]bkljbjh\Zeb

lZdh\u_ ^ey g__ � \ ^hdmf_glZpbb kdZaZgh qlh wlb 9HQGRU,� b 3URGXFW,� jZajZ[hlqbdb

mkljhckl\ ijb kh[ex^_gbb g_dhlhjuo mkeh\bc fh]ml bkihevah\Zlv ih k\h_fm mkfhlj_gbx�

Ihgylgh � qlh bkihevah\Zgb_ h^bgZdh\uo agZq_gbc jZaebqgufb mkljhckl\Zfb fh`_l

aZljm^gblv gZibkZgb_ ^jZc\_jh\ ^ey gbo b ^Z`_ k^_eZlv ^jZc\_jZ ^ey mkljhckl\ hl

jZaebqguo ihklZ\sbdh\ g_^himklbfufb ^ey h^gh\j_f_gghc mklZgh\db \ kbkl_f_ � H^gZdh

lZdhc ih^oh^ \iheg_ fh`_l [ulv \uoh^hf ^ey ijhba\h^kl\Z f_edhk_jbcguo

ki_pbZebabjh\Zgguo mkljhckl\ � djhf_ lh]h � _keb k mkljhckl\Zfb ^he`_g jZ[hlZlv g_

^jZc\_j Z gZijyfmx ihevah\Zl_evkdZy ijh]jZffZ �dZd wlh \hafh`gh gZijbf_j \ HK /LQX[��

g_ijbylghkl_c ijZdlbq_kdb \hh[s_ g_ ^he`gh [ulv�

FireWire

:iiZjZlgu_ bgl_jn_cku rbgu ,((( ������
 \ hlebqb_ hl 86 � g_ jZa^_eyxlky gZ

ohklu b mkljhckl\Z � h^gZdh kms_kl\mxl dhfie_dlu fbdjhko_f ij_^gZagZq_ggu_ ^ey

keh`guo iheghnmgdpbhgZevguo mkljhckl\ � lZdbo dZd gZijbf_j dhfivxl_ju � b ^ey [he__

madhki_pbZebabjh\Zgguo��gZijbf_j \b^_hdZf_j�

Qbiu )LUH:LU � [he__ `_kldh klZg^Zjlbabjh\Zgu �2+& � ���� � q_f lZdh\u_ ^ey 86% � ijb

[hevr_c keh`ghklb eh]bdb jZ[hlu rbgu ������
 wlh \iheg_ hijZ\^Zggh � < qZklghklb 2+&,

hij_^_ey_l we_dljbq_kdbc bgl_jn_ck f_`^m fbdjhko_fhc )LUH:LU � dhgljhee_jZ rbgu b

kZfbf mkljhckl\hf � _]h bkihevamxsbf � GZijbf_j \ aZ\bkbfhklb hl fZdkbfZevghc kdhjhklb

i_j_^Zqb ���� � ��� beb 
���� f_]Z[bl \ k_dmg^m \ qbiZo � j_Zebamxsbo mjh\_gv 3 ��� kh klhjhgu

kZfh]h mkljhckl\Z bkihevamxlky bkihevamxlky �� � beb � ijh\h^Z�

L_f g_ f_g__ kms_kl\mxl j_ZebaZpbb qbih\ g_ khhl\_lkl\mxsb_ beb g_

kh\k_fkhl\_lkl\mxsb_ 2+&, � J_ZebaZpbb � ij_^gZagZq_ggu_ ^ey ohklZ bf_xl bgl_jn_ck d

rbg_ 3&, � b jZaebqby \ j_ZebaZpbyo \ueb\Zxlky \ jZaebqby ^jZc\_jh\ � ih^^_j`b\Zxsbo

jZ[hlm k )LUH:LU � dhgljhee_jhf dZd � 3& � mkljhckl\hf � GZ k_]h^gyrgbc ^_gv kms_kl\mxl

ke_^mxsb_ hkgh\gu_ j_ZebaZpbb ohkl�dhgljhee_jh\�

��2+&,� ������
 kh\f_klbfu_ dhgljhee_ju



2.Adaptec AIC-5800
3.Texas Instruments PCILynx

Mjh\gb 3 ��� b /,��� q_ldh jZa^_e_gu \ 2+& � b bgl_jncku f_`^m gbfb lZd `_

kljh]h ki_pbnbpbjh\Zgu � )LUH:LU � iha\hey_l mijZ\eylv Zdlb\ghklvx 3 ��� b /,1.

ihhl^_evghklb��\ qZklghklb ijb ihfhsb f_oZgbafZ dhgnb]mjZpbhgguo 3 ��� iZd_lh\�

< dZq_kl\_ ijbf_jZ fbdjhko_f 	 j_Zebamxsbo mjh\gb /,�
� b 3 ��� fh`gh

ijh\_klb qbiu ijhba\h^kl\Z 7H[D � ,QVWUXPHQW � �[he__ ih^jh[gZy bgnhjfZpby gZ kZcl_

www.ti.com):
J_dhf_g^h\Zggu_ ^ey ohklh\ k rbghc 3& � wlh 76%��/9 
�
 �/,1. � b 76%��/9 ��� �3+<

���0ELW�VHF � b ^ey mkljhckl\ lbiZ \b^_hdZf_j 76%��/9 ��� *3/\Q � �/,1. � b 76%��/9��

(PHY 200Mbit/sec)
Ki_pbnbdZpby 2+& � y\ey_lky hldjulhc b fh`_l [ulv [_kieZlgh ihemq_gZ q_j_a

Bgl_jg_l�



Ih^^_j`dZ )LUH:LUH��86 � jZaebqgufb ieZlnhjfZfb

Gb kfhljy gZ lh � qlh \ gZklhys__ \j_fy 86 � mkljhckl\Z y\eyxlky ^hklklhqgh

jZkijhkljZg_ggufb� ih^^_j`dZ bo jZaebqgufb HK g_kdhevdh hlklZ\ZeZ hl mki_oh\

ijhba\h^bl_e_c khhl\_lkl\mxs_]h ³`_e_aZ´ � LZd � gZijbf_j � _keb \hafh`ghklv jZ[hlZlv

gZijyfmx k kh[kl\_gguf mkljhckl\hf � ih^dexq_gguf d ihke_^h\Zl_evghfm ihjlm 56���

ijb ihfhsb klZg^Zjlgh]h dhfihg_glZ ba ijh]jZffu 9LVXD � %DVL � beb 'HOSK � y\ey_lky \_kvfZ

h[uqguf ^_ehf��lh wlh \jy^ eb fh`gh kdZaZlv ijh 86%��Z l_f [he__ )LUH:LUH�

Kms_kl\mxl ^\Z hkh\guo kihkh[Z jZ[hlu ijbdeZ^ghc ijh]jZffu k

86%�)LUH:LU � mkljhckl\Zfb � i_j\uc 	 h[jZs_gb_ d ki_pbZebabjh\Zgguf $3 
 ^jZc\_jh\

\_jog_]h mjh\gy � dhlhju_ h[_ki_qb\Zxl ^hklmi d Z[kljZdlghfm mkljhckl\m �kdZg_jm�

ijbgl_jm � ^bkdm b�l�i�� � kdju\Zy ijb wlhf hl ijh]jZffu ^_lZeb � k\yaZggu_ k jZ[hlhc

ihke_^h\Zl_evghc rbgu b \lhjhc kihkh[ � dh]^Z bkihevam_lky $3 
 gb`g_]h mjh\gy�

ij_^hklZ\eyxs__ ^hklmi g_ihkj_^kl\_ggh d rbg_ gZ mjh\g_ iZd_lh\ � dZgZeh\ i_j_^Zqb�

j_]bkljh\ &6 � b�l�i�

G_ \k_ ba gug_ kms_kl\mxsbo HK ih^^_j`b\Zxl \lhjhc kihkh[ � ^ey lZdbo

kbkl_f ijboh^blky \u[bjZlv \lhjhc � hagZqZxsbc qlh ^ey j_ZebaZpbb ³aZ\_lghc f_qlu´

we_dljhgsbdZ m\b^_lv dZd ijhbkoh^bl i_j_^ZqZ ^Zgguo ba _]h mkljhckl\Z gZ

fbdjhdhgljhee_j_ $WPH � b 86 � qbi_ \ gZklhevguc 3& � _fm ijb^_lky ibkZlv

ki_pbZebabjh\Zgguc ^jZc\_j b aZ]jm`Zlv _]h \ y^jh HK � G_ijbylghklb wlh]h imlb

hq_\b^gu�

���lj_[m_lky ohjhr__ agZgb_ y^jZ b gZ\udb gZibkZgby ^jZc\_jh\

���\ kemqZ_ hrb[db fh`gh g_ lhevdh ³ih^\_kblv 
 kbkl_fm��gh b bkihjlblv kh^_j`bfh_ ^bkdZ

3. keh`gh \ghkblv fgh]h f_edbo baf_g_gbc � dhlhju_ h[uqgh g_h[oh^bfu ijb jZajZ[hld_

kh[kl\_ggh]h ³`_e_aZ´

Ih`Zemc _^bgkl\_gghc HK � ijbgpbibZevgh ebr_gghc wlbo g_^hklZldh\ ijb

bkihevah\Zgbb \lhjh]h ih^oh^Z � fh`gh kqblZlv ����� >�@ � < kh\j_f_gguo j_ZebaZpbyo 41;

^jZc\_ju jZ[hlZxl \ ijhkljZgkl\_ ijbdeZ^guo ijh]jZff �XVH� VSDFH� � ?keb ^jZc\_ju

\uihegyxlky k ijZ\Zfb kmi_jihevah\Zl_ey � lh bf [m^ml ^hklmigu \k_ g_h[oh^bfu_ j_kmjku�

<hh[s_ ke_^m_l hlf_lblv � qlh ����� ih�\b^bfhfm h[eZ^Z_l gZb[he__ ]b[dhc kbkl_fhc

j_ZebaZpbb ^jZc\_jh\ ih kjZ\g_gbx k ^jm]bf jZkijhkljZg_ggufb HK�

Gh qlh ^_eZlv _keb fu ihdZ lhevdh ebrv f_qlZ_f h[ bkihevah\Zgbb ih^h[guo

k\_jo]b[dbo kbkl_f � qlh gZf ij_^eZ]Zxl ^jm]b_ HK � d dhlhjuf fu m`_ ijb\udeb�

jZkkfhljbf \djZlp_ ^jm]b_ \ZjbZglu�

Windows

HK :LQGRZ � dZd jZa hlghkblky d l_f kbkl_fZf \ dhlhjuo ^hklmi

ihevah\Zl_evkdbo ijh]jZff d 86%�)LUH:LU � \_kvfZ h]jZgbq_g � Ih`Zemc bkdexq_gb_f

y\ey_lky \hafh`ghklv bkihevah\Zlv 86 � mkljhckl\Z lbiZ +,' � IjbdeZ^gZy ijh]jZffZ�

h^gZdh��fh`_l ihemqblv kibkhd \k_o mkljhckl\��ih^dexq_gguo d 86 � rbg_�

<hafh`ghklv jZ[hlu k +,� \k_ `_ iha\hey_l hj]Zgbah\Zlv l_klbjh\Zgb_ jZ[hlu

86 � mkljhckl\Z ³kh[kl\_ggh]h ijhba\h^kl\Z´ � h^gZdh mkljhckl\m ijb^_lky j_Zebah\u\Zlv

jZ[hlm k ijhlhdhehf +,� �dhlhjuc [m^mqb ij_^gZagZq_gguf ^ey fur_c � ^`hcklbdh\�

deZ\bZlmj fh`_l hdZaZlvky g_ kh\k_f Z^_d\Zlguf� b ^h\hevkl\h\Zlvky gbadbfb kdhjhklyfb

i_j_^Zqb��Gh \k_ `_ wlh emqr_ q_f gbq_]h�

>jm]hc Zevl_jgZlb\hc y\ey_lky gZibkZgb_ kh[kl\_ggh]h ^jZc\_jZ � \ Bgl_jg_l

fh`gh gZclb bkoh^gu_ l_dklu dZdh]h�eb[h ^jZc\_jZ 86 � mkljhckl\Z b ijbkihkh[blv _]h

ih^ k\hb aZ^Zqb � >ey wlh]h ihgZ^h[blky Visual Studio .NET, Z lZd `_ Microsoft SDK b DDK
(Driver Developer's Kit). IZd_l 6 ��� fh`gh [_kieZlgh kdZqZlv kZclZ 0LFURVRIW � qlh `_ dZkZ_lky



''. � lh dhfiZdl ^bkd kh^_j`Zsbc _]h � 0LFURVRI
�

aZ g_[hevrmx ieZlm \ukueZ_l ih ihql_

\k_f `_eZxsbf � Ke_^m_l hlf_lblv qlh 6 ��� ^he`_g khhl\_lkl\h\Zlv \_jkbb dhfibeylhjZ � Z
����� ^he`_g lZd `_ khhl\_lkl\h\Zlv \_jkbb HK � >ey dZ`^hc ba \_jkbc

:LQGRZV��������17�; � ijb^_lky ^_eZlv k\hc \ZjbZgl ^jZc\_jZ � <ayluc aZ hkgh\m ^jZc\_j

86%�)LUH:LU � mkljhckl\Z lZd `_ ^he`_g khhl\_lkl\h\Zlv \k_f i_j_qbke_gguf dhfihg_glZf�

Djhf_ lh]h � ihlj_[m_lky _s_ khhl\_lkl\mxsZy ^hdmf_glZpby ih NHUQH 	 $3, � ?keb \u klZ\bl_

i_j_^ kh[hc aZ^Zqm klZlvjZajZ[hlqbdhf ^jZc\_jh\ ^ey :LQGRZ 
�� wlh [_amkeh\gh \Zr imlv�

gh _keb \u aZgbfZ_l_kv jZajZ[hldhc mkljhckl\ b ihdZ g_ \eZ^__l \k_f wlbf � \Zf gZ\_jgh_

ke_^m_l \u[jZlv ^jm]b_ imlb � Fh`gh gZqZlv k +,� mkljhckl\ � Z fh`gh _s_ ihijh[h\Zlv

^jm]b_ HK�

Bkoh^y ba \k_]h \ur_kdZaZggh]h _kl_kl\_gguf h[jZahf \hagbdZ_l ke_^mxsZy

fukev 
 Z g_evay eb k^_eZlv lZdhc ^jZc\_j � qlh[u hg ij_^hklZ\eye ijbdeZ^guf ijh]jZffZf

\hafh`ghklv bkihevah\Zlv 86 � beb )LUH:LU � ih k\h_fm mkfhlj_gbx � LZdb_ ihiuldb

kms_kl\mxl k jZaghc kl_i_gvx mki_rghklb b fh`gh ihiulZlvky gZclb g_dhlhju_

j_ZebaZpbb ^jZc\_jh\ \ Bgl_jg_l http://www.steelbrothers.ch/jusb/ � Ljm^ghklv khklhbl \ lhf�

qlh \ :L ����� ^jZc\_ju kljh]h ijb\yaZgu d9HQGRU,� b 3URGXFW,� dhgdj_lgh]h mkljhckl\Z�

Ihwlhfm gZr ki_pbZebabjh\Zgguc ^jZc\_j ^he`_g [m^_l ijb ihiuld_ ijbdeZ^ghc

ijh]jZffu kha^Zlv \ kbkl_f_ lZdmx ijb\yadm � Ihke_^g__ \hkgh\ghf k\h^blky d aZg_k_gbx

aZibkb \ kbkl_fguc j__klj � ?keb gZf bgl_j_kgh bkihevah\Zlv ^jZc\_j ^ey l_klh\uo p_e_c ±

wlm ijb\yadm fh`gh \ ijbgpbi_ \uihegblv aZjZgg__

\jmqgmx � D kh`Ze_gbx g_ \k_ \_jkbb :LQGRZ 
 iha\heyxl k^_eZlv wlh [_a i_j_aZ]jmadb

kbkl_fu � Ihke_^g__ lZd `_ fh`_l aZljm^gblv hleZ^dm ih^h[gh]h ^jZc\_jZ � B \k_ `_ ijb

[hevrhf `_eZgbb wlh \hafh`gh � ohly \jy^ eb fh`_l [ulv j_dhf_g^h\Zgh ^ey lh]h � qlh[u

gZqZlv kZfhklhyl_evgh jZ[hlZlv k 86 � mkljhckl\Zfb � GZ 6RXUFH)RUJ � ]hlh\blky d \uoh^m

\_jkby j_ZebaZpbb MDYD[�XV� $3 � �-65�� � dhlhjZy ih�\b^bfhfm l_f beb bguf kihkh[hf

j_rbl wlm ijh[e_fm http://cvs.sourceforge.net/viewcvs.py/javax-usb/javax-usb-ri-windows/ ,
MDYD[�XV� $3 � kha^ZgZ \hkgh\ghf klZjZgbyfb dhjihjZpbb ,%0 � dZd h^gh]h ba kZfuo

Zdlb\guo klhjhggbdh\ -DY � &RPPXQLW� 3URFHVV�

Linux

HK /LQX � ij_^eZ]Z_l iheguc gZ[hj \hafh`ghkl_c ^ey bkihevah\Zgby ^hklmiZ d

86 � b )LUH:LU � ba ijbdeZ^ghc ijh]jZffu � Djhf_ lh]h � \ bkoh^guo l_dklZo kbkl_fu b

^jZc\_jh\ fh`gh gZclb ^hklZlhqgh_ dhebq_kl\h ijbf_jh\ k g_dhlhjuf dhebq_kl\hf

dhff_glZjb_\�

>hklmi ijh]jZffu d 86 � \hafh`_g ijb ihfhsb lZd gZau\Z_fhc 86 � )LOH

6\VWH� �hkgh\gu_ nmgdpbb hij_^_e_gu \ nZceZo XVE�K � XVEGHYLFHBIV�K � ijb ihfhsb ,2&7/ � <
dZq_kl\_ ijbf_jZ fh`gh gZijbf_j bkihevah\Zlv ijh]jZffu ^ey jZ[hlu k 86 � jb^_jhf $&5

beb mkljhckl\hf (WRNH� �dhlhju_ h[km`^Zebkv \ur_� � ^hklmigu_ gZ www.linuxnet.com � <

dZq_kl\_ ijhklh]h ijbf_jZ bkihevah\Zgby dZ`^hc 86 � nmgdpbb fh`gh jZkkfZljb\Zlv

bkoh^gu_ l_dklu gZlb\ghc [b[ebhl_db ^ey M86 � �h^gh]h ba ba\_klguo $3 � ^ey -DYD � h

dhlhjhf ihc^_l j_qv qmlv iha^g__��

Kljmdlmju ,2&7 � ^ey jZ[hlu ihevah\Zl_evkdhc ijh]jZffu hij_^_e_gu \ nZce_

/usr/include/linux/usbdeviceb_fs.h � khhl\_lkl\_ggh dhgklZglu \ nZce_ /usr/include/linux/usb.h.
AZ bgnhjfZpb_c h[ bkihevah\Zgbb 86 � bgl_jn_ckZ /LQX � ba ^jZc\_jh\ hlkueZ_f qblZl_ey d

khhl\_lkl\mxsbf jmdh\h^kl\Zf ih gZibkZgbx fh^me_c y^jZ � NZce usbdeviceb_fs.h
hij_^_ey_l fgh`_kl\h kljmdlmj � dZ`^Zy ba dhlhjuo hl\_qZ_l aZ ,2&7 � ^ey khhl\_lkl\mxs_c

hi_jZpbb k rbghc � gZ i_j\uc \a]ey^ wlh fh`_l ihdZaZlvky ^hklZlhqgh keh`gh � \ qZklghklb

gZijbf_j ^ey lh]h � qlh[u hj]Zgbah\Zlv ihlhdh\mx i_j_^Zqm gZijbf_j q_j_a dZgZe lbiZ

%8/� beb ,62&+521 � Djhf_ lh]h � i_j_^ gZqZehf jZ[hlu k mkljhckl\hf lj_[m_lky

\uihegblv _s_ g_kdhevdh ki_pbZevguo ,2&7 � dhfZg^ ^ey lh]h � qlh[u aZlj_[h\Zlv

khhl\_lkl\mxsbc 86 � bgl_jn_ck � >ey m^h[kl\Z bf__l kfuke kdjulv \k_ wlb hkh[_gghklb



\gmljb ki_pbZebabjh\Zgguo h[_jlhqguo deZkkh\ gZ &�� � 2EMHFWLY
� �

beb ^jm]hf

h[t_dlghhjb_glbjh\Zgghf yaud_ � <k_ wlh ^h\hevgh g_keh`gh k^_eZlv hkgh\u\Zykv gZ

\ur_gZa\Zgghf ijbf_j_ ba M86% � d lhfm `_ ijh_dl M86 � ij_^eZ]Z_l ]hlh\uc &��

bgl_jn_ck��^m[ebjmxsbc ZgZeh]bqguc bgl_jn_ck ^ey -DYD�

Bkihevah\Zgb_ )LUH:LU
�

\ /LQX � \_kvfZ ZgZeh]bqgh bkihevah\Zgbx 86%�

Ki_pbZevgZy [b[ebhl_dZ /LEUDZ ���
	�� ij_^gZagZq_gZ ^ey bkihevah\Zgby ihevah\Zl_evkdhc

ijh]jZffhc � ^ZggZy [b[ebhl_dZ kms_kl\_ggh mijhsZ_l bkihevah\Zgb_ dhfZg^ ,2&7/�

ij_^hklZ\eyy gZ[hj ki_pbZebabjh\Zgguo nmgdpbc � >ey bkihevah\Zgby wlbo nmgdpbc gm`gh

bf_lv ^hklZlhqgh_ ij_^klZ\e_gb_ h jZ[hl_ kZfhc rbgu ,(((���� � fu gZ^__fky qlh

ijhql_gb_ k_]h l_dklZ iha\hebeh qblZl_ex ihemqblv \kx g_h[oh^bfmx ^ey wlh]h

bgnhjfZpbx � 
 Djhf_ lh]h � d [b[ebhl_d_ ijbeZ]Z_lky hibkZgb_ __ $3 � �dhlhjh_ lZd `_

^he`gh [ulv ihgylgh ³ihk\ys_gghfm \ k_dj_lu )LUH:LUH´ 
 b g_kdhevdh ^hklZlhqgh

ihgylguo ijbf_jh\ ijh]jZff http://www.linux1394.org/ � djhf_ lh]h ^ZggZy kljZgbpZ

kh^_j`bl djZldh_��gh ^hklZlhqgh ihe_agh_ hibkZgb_ kZfh]h klZg^ZjlZ )LUH:LUH�

>ey ^hklmiZ d 86 � b )LUH:LU
�

ihevah\Zl_evkdhc ijh]jZff_ ihlj_[mxlky ijZ\Z

kmi_jihevah\Zl_ey URRW � ?keb wlh h]jZgbq_gb_ ihdZ`_lky kebrdhf h[j_f_gbl_evguf�

\hafh`gh i_j_^_eZlv ^jZc\_j lZd � qlh[u nZceu � hl\_qZxsb_ aZ khhl\_lkl\mxsb_

mkljhckl\Z kha^Z\Zebkv k ^jm]bfb ijZ\Zfb ^hklmiZ g_`_eb dZd ^hklmigu_ lhevdh URRW�

<h \\_^_gbb mihfbgZeZkv :(%�dZf_jZ 3\UR � wlh mkljhckl\h \iheg_ fh`gh

\u[jZlv ^ey i_j\uo wdki_jbf_glh\ k ^jZc\_jZfb )LUH:LU
�

mkljhckl\ ^ey /LQX[ � ^_eh \ lhf�

qlh jZ[hlZ k \b^_hdZf_jhc kms_kl\_ggh ijhs_ q_f k [ehqgufb mkljhckl\Zfb lbiZ \g_rgbo

gZdhibl_e_c � >jZc\_j /LQX � ^ey wlh]h mkljhckl\Z ^hklZlhqgh ijhklhc ^ey ihgbfZgby�

g_^hklZldhf y\ey_lky [he__ \ukhdZy p_gZ dZf_ju ih kjZ\g_gbx k :(%�dZf_jZfb 86% � K

^jm]hc klhjhgu 3\U � y\ey_lky mkljhckl\hf [he__ \ukhdh]h deZkkZ q_f [hevrbgkl\h

jZkijhkljZg_gguo :(%�dZf_j � ?keb \ jZkihjy`_gbb bf_xlky � dhfivxl_jZ k )LUH:LUH

Z^Zil_jZfb � lh fh`gh ihijh[h\Zlv b ^jm]b_ \ZjbZglu � gZijbf_j )LUH:LU
�
7&3�,� k_lv beb

^Z`_ ijhklh aZibkv�ql_gb_ q_j_a rbgm j_]bkljh\ ijb ihfhsb h^gh]h dhfivxl_jZ \ ^jm]hf

dhfivxl_j_ � Ihke_^g__ \ijbgpbi_ ^hklZlhqgh g_keh`gh hkms_kl\blv ihevamykv

[b[ebhl_dhc OLEUDZ�����

IeZlnhjfZ -DYD.

Java \ k\hbo j_ZebaZpbyo ih^ kms_kl\mxsb_ HK bkihevam_l gb`_e_`Zs__ $3,

kbkl_fu � ij_^hklZ\eyy ebrv m^h[guc ohjhrh ^hdmf_glbjh\Zgguc

h[t_dlghhjb_glbjh\Zgguc bgl_jn_ck ijh]jZffbjh\Zgby � Ihwlhfm \k_ h]jZgbq_gby HK

jZkijhkljZgyxlky gZ khhl\_lkl\mxsb_ -DY � $3, � L_f g_ f_g__ wlb $3 � fh]ml [ulv

bkihevah\Zgu \ dZq_kl\_ m^h[gh]h kj_^kl\Z � iha\heyxs_]h kdhgp_gljbjh\Zlvky gZ

\aZbfh^_ckl\bb k mkljhckl\hf Z g_ gZ hkh[_gghklyo ijh]jZffbjh\Zgby \ ^Zgghc ieZlnhjf_�

^ey jZ[hlu k 86 � mkljhckl\Zfb \ /LQX[�

< gZklhys__ \j_fy kms_kl\mxl ^\Z klZg^Zjlguo $3, ������� M86 � b -65��

javax.usb. http://jusb.sourceforge.net/
http://sourceforge.net/projects/javax-usb/

< /LQX � ^hklmi d 86 � mkljhckl\Zf hkms_kl\ey_lky dZd d ki_pbZevguf nZceZf � �
Z ihkdhevdm ijb ih^kh_^bg_gbb wlb nZceu mkljhckl\ \hagbdZxl Z\lhfZlbq_kdb � g_h[oh^bfh

qlh[u l_dmsbc ihevah\Zl_ev ihemqbe ijZ\Z gZ mjh\g_ jZa^_e_gby ^hklmiZ � kZfuc ijhklhc

kihkh[ wlh]h ^hklbqv ! wlh bkihevah\Zlv ijb\_e_]bb kmi_jihevah\Zl_ey URR " ^ey ijhp_kkZ�

hldju\Zxs_]h nZce beb `_ ihke_ ih^kh_^bg_gby mkljhckl\Z baf_gblv mkeh\by ^hklmiZ d

g_fm \jmqgmx � IZd_l M86 � ij_^eZ]Z_l _s_ h^gh j_r_gb_ wlhc ijh[e_fu ! aZimkd k ijZ\Zfb

URR " ki_pbZebabjh\Zgghc ijh]jZffu�^_fhgZ -86%' � lh]^Z ijbdeZ^gZy ijh]jZffZ�

kh_^bgb\rbkv ih k_lb k -86% # kfh`_l ihemqblv ^hklmi d 86% � Djhf_ lh]h wlZ ijbdeZ^gZy



ijh]jZffZ fh`_l \uihegylvky gZ ^jm]hf dhfivxl_j_��\ qZklghklb ih^ :LQGRZV�

SUN Solaris

< HK 6RODUL � kblmZpby gZihfbgZ_l lZdh\mx \ :LQGRZV � aZ l_f ebrv

bkdexq_gb_f � qlh bkoh^gu_ l_dklu y^jZ HK fh]ml [ulv ^hklmigu ijh]jZffbklm� qlh fh`_l

g_kdhevdh h[e_]qblv aZ^Zqm�



Bkoh^gu_ l_dklu ijh]jZff b ^jm]b_ bklhqgbdb bgnhjfZpbb \ bgl_jg_l

< wlhf g_[hevrhf jZa^_e_ fu kh[bjZ_fky i_j_qbkeblv g_dhlhju_ ihe_agu_

Bgl_jg_l j_kmjku � g_ ij_l_g^my f_`^m l_f gZ iheghlm ho\ZlZ \k_\hafh`guo bklhqgbdh\

bgnhjfZpbb�

GZ kZcl_ � ihk\ys_gghf \kljZb\Z_fuf kbkl_fZf qblZl_ev fh`_l gZclb djZldh_

\\_^_gb_ \ hkgh\u ijhlhdheZ ,(((
�������

http://www.embedded.com/1999/9906/9906feat2.htm.



G_kdhevdh ihe_aguo kkuehd b bkoh^guo l_dklh\ ijh]jZff fh`gh gZclb gZ

kZcl_ ihk\ys_gghf ih^^_j`d_ )LUH:LU � \ hi_jZpbhgghc kbkl_f_ /LQX[

http://www.linux1394.org/.
Jy^ jZaebqguo im[ebdZpbc � dZkZxsboky )LUH:LU � �,(((����� � dhlhju_ \_jhylgh

aZbgl_j_kmxl qblZl_ey ^hklmigu gZ ih ke_^mxs_fm Z^j_km

http://grouper.ieee.org/groups/1394/1/Documents.
Bgl_jg_l kljZgbpZ f_`^mgZjh^gh]h 86

�
dhgkhjpbmfZ kh^_j`bl

i_j\hbklhqgbdb ^hdmf_glh\ � dZkZxsboky ^Zggh]h klZg^Zjl www.usb.org \ hlebqb_ hl

,((( �����	� ki_pbnbdZpby 86
�

y\ey_lky Z[khexlgh [_aieZlghc b bf_ggh hgZ ihkem`beZ

hkgh\hc ^ey gZr_]h baeh`_gby�

Klhbl hlf_lblv j_kmjk http://www.linuxnet.com, dhlhjuc kh^_j`bl jy^ bkoh^guo

l_dklh\ ijh]jZff b ^jZc\_jh\ ^ey jb^_jh\ kfZjldZjl http://www.linuxnet.com/ k

bgl_jn_ckhf 86% � ^Zgguc kZcl fh`_l [ulv ihe_a_g dZd 81,
 lZd :LQGRZ � ijh]jZffbklZf�

ihkdhevdm kh^_j`bl fgh`_kl\h ³^hdmf_glZpbb gZ yaud_ &´ � h[s_f ^ey \k_o hi_jZpbhgguo

kbkl_f�

Ijbf_jhf ohjhrh gZibkZggh]h ^jZc\_jZ 86
�

mkljhckl\Z fh`_l kem`blv

lZdh\hc ^ey :(%�dZf_ju /RJLWHF� 4XLFN&DP � bkoh^gu_ l_dklu dhlhjh]h gZoh^ylky gZ

http://qce-ga.sourceforge.net.

>ey l_o dh]h \ i_j\mx hq_j_^v bgl_j_km_l dZd k^_eZlv kh[kl\_ggh_ 86%

mkljhckl\h [m^_l bgl_j_k_g ke_^mxsbc jmkkdhyauqguc kZcl 
 ht
http://www.is.svitonline.com/vks/

JZaghh[jZagZy bgnhjfZpby � dZkZxsZyky ,(((���� � 86
�

i_j_h^bq_kdb

ihy\ey_lky gZ kZcl_ http://www.embedded.com.
Bgl_jg_l kljZgbpu � dZkZxsb_ky ih^^_j`db 86

�
ieZlnhjfhc -DY � gZoh^ylky ih

ke_^mxsbf Z^j_kZf 
 -DY � 86
�

$3 � http://www.steelbrothers.ch/jusb/ b javax.usb
http://cvs.sourceforge.net/viewcvs.py/javax-usb.

G_[hevrZy klZlvky � ihk\ys_ggZy kjZ\g_gbx 86
�

b )LUH:LUH � gZoh^blky \

Bgl_jg_l http://www.mycableshop.com/usbvsieee.htm � WlZ klZlvy \hafh`gh [he__ ihegh

jZkdjh_l jZaebqby f_`^m ^\mfy h[km`^Z\rbfbky a^_kv klZg^ZjlZfb q_f ^ZggZy im[ebdZpby�

Ke_^m_l hlf_lblv qlh ijb\_^_ggu_ kkuedb hlghkylky \ hkgh\ghf d

Zg]ehyauqguf j_kmjkZf g_ lhevdh \ kbem ijb\uqdb Z\lhjZ ihemqZlv kZfmx ihke_^gxx

bgnhjfZpbx ba ihke_^gbo i_j\hbklhqgbdh\ � gh b \ kbem h[t_dlb\gh]h hlklZ\Zgby

hl_q_kl\_gguo bklhqgbdh\ bgnhjfZpbb \ ^Zgghc h[eZklb � wlhl ijh[_e \ dZdhc�lh f_j_ b

ohl_ehkv [u aZihegblv � G_dhlhjh_ \j_fy gZaZ^ klhedgm\rbkv k g_h[oh^bfhklvx ihemq_gby

nmg^Zf_glZevghc bgnhjfZpbb ih )LUH:LUH � [ueh h[gZjm`_gh ijZdlbq_kdb ihegh_

hlkmlkl\b_ ^hklmighc jmkkdhyauqghc ebl_jZlmju ih wlhc l_f_ � <ihke_^kl\bb bf_ggh wlh

ih[m^beh d gZibkZgbx im[ebdZpbb � \dexqb\r_c \ k_[y g_ lhevdh \gh\v ijbh[j_l_ggu_

agZgby � dZkZxsb_ky ,(((���� � gh b g_dhlhjuc hiul \ bkihevah\Zgbb 86% � GZ^__fky qlh

baeh`_gb_ gZ hkgh\_ khihklZ\e_gby ^\mo klZg^Zjlh\ ihfh`_l qblZl_ex [he__ ihegh ihgylv

ijbgpbiu jZ[hlu h[_bo rbg � Baeh`_gb_ bgnhjfZpbb gZijZ\e_gh gZ kha^Zgb_

ij_^klZ\e_gby h[ h[km`^Z_fuo klZg^ZjlZo \ p_ehf � Z lZd `_ gZ \uykg_gb_ \hijhkh\�

dhlhju_ fh]ml \hagbdgmlv ijb jZ[hl_ k 86
�

b )LUH:LUH � G_kfhljy gZ kh[kl\_ggh_

ijbkljZklb_ Z\lhjZ d 2SHQ6RXU ��� l_ogheh]byf � HK /LQX � b -DYD � \k_ `_ [ueZ k^_eZgZ

ihiuldZ baeh`blv hkgh\gu_ kljmdlmjgu_ hkh[_gghklb g_ ijb\yau\Zykv d hkh[_gghklyf

dhgdj_lghc ieZlnhjfu�

< aZdexq_gbb fu kh[bjZ_fky ijb\_klb djZldbc h[ahj g_dhlhjuo ^jm]bo ihke_^h\Zl_evguo

rbg b [_kijh\h^guo ijhlhdheh\ k\yab ^ey ehdZevgh]h kh_^bg_gby dhfivxl_jh\�



>jm]b_ ihke_^h\Zl_evgu_ rbgu b [_kijh\h^gu_ dZgZeu k\yab�

Ij_^r_kl\mxsb_ j_ZebaZpbb�

KlZg^Zjlu ihemqb\rb_ k\h_ jZa\blb_ \ \b^_ j_ZebaZpbc ihke_^h\Zl_evguo rbg�

ihemqZxsbo \k_ [he__ rbjhdh_ jZkijhkljZg_gb_ \ gZklhys__ \j_fy � bf_xl k\hbfb

ijZjh^bl_eyfb jy^ klZg^Zjlh\ ijhreh]h ihdhe_gby � Z lZd `_ g_dhlhju_ qZklgu_ j_ZebaZpbb

jZajZ[hlZggu_ hl^_evgufb dhfiZgbyfb b hj]ZgbaZpbyfb���<hl g_dhlhju_ ba gbo�

1. $SSO � GHVFW �������
	 �$'% �
� ihke_^h\Zl_evgZy rbgZ j_ZebamxsZy ijhlhdhe ql_gby aZibkb

^ey \iehlv ^h ��� mkljhckl\ ih^dexq_gguo d dhfivxl_jm 0DF � FZdkbfZevgZy kdhjhklv

i_j_^Zqb ^h ��� dbeh[bl \ k_dmg^m�

2. $FFHVV�EX 	 �$�E�� rbgZ kha^ZggZy $FFHVV�EX 	 ,QGXVWU� *URXS��wlZ rbgZ � kha^ZggZy gZ hkgh\_

rbgu ,� � �3KLOLSV � lZd `_ dZd b 86 � ij_^gZagZq_gZ ^ey ^bgZfbq_kdh]h ih^dexq_gby b

hldexq_gby ^h ����� mkljhckl\ � RbgZ bkihevam_l Zj[bljZ` gZ we_dljbq_kdhf mjh\g_ b

iha\hey_l i_j_^Z\Zlv ^Zgu_ kh kdhjhklyfb ^h � ��� dbeh[bl \ k_dmg^m � H^gZdh ih

kjZ\g_gbx k ,� � rbgZ $�E � hklZ\Zykv ^hklZlhqgh qZklghc j_ZebaZpb_c � \ gZklhys__ \j_fy

[hevrh]h jZkijhkljZg_gby g_ ihemqbeZ�

3. Concentration Highway Interface (HCI) – rbgZ, ij_^eh`_ggZy AT&T ^ey i_j_^Zqb a\mdZ.
+& � bf__l p_gljZebah\Zgguc bklhqgbd lZdlbjh\Zgby b iha\hey_l i_j_^Z\Zlv ^Zggu_ kh

kdhjhklyfb ^h � f_]Z[bl \ k_dmg^m�

4. *HR3RU � � ij_^eeh`_g $SSO
�
&RPSXWLQJ � ij_^gZagZq_g ^ey kh_^bg_gby ^\mo mkljhckl\ b

iha\hey_l hkms_kl\eylv i_j_^Zqm kh kdhjhklyfb ^h � f_]Z[bl \ k_dmg^m � Bkihevam_l ko_fm

i_j_^Zqb kb]gZeh\ 56����

DZd ij_^r_kl\_ggbdb 86 � b )LUH:LU
�

ke_^m_l mihfygmlv ijhlhdheu k_f_ckl\Z

56 � gZqbgZy kh \k_f ba\_klgh]h 56��� � Kj_^b wlbo ijhlhdheh\ _klv lZdb_ � dhlhju_

iha\heyxl mijZ\eylv kjZam g_kdhevdbfb mkljhckl\Zfb gZ jZklhygby g_kdhevdbo f_ljh\ b

^Z`_ ^_kyldh\ f_ljh\ � wlb jZagh\b^ghklb \ gZklhys__ \j_fy ^hklZlhqgh rbjhdh

bkihevamxlky \ ijhfure_gghklb � <k_ wlb rbgu h[t_^bgy_l gZebqb_ [hevrh]h dhebq_kl\Z

bkihevam_fuo ijh\h^h\ �ihjy^dZ h^gh]h�^\mo ^_kyldh\� � hlkmlkl\b_ q_ldh]h klZg^ZjlZ gZ

ih\_^_gb_ mkljhckl\ ijb bo ^bgZfbq_kdhf ih^dexq_gbb�hldexq_gbb � hlkmlkl\b_ f_oZgbafZ

ZklhfZlbq_kdh]h hij_^_e_gby lbiZ ih^dexq_gguo mkljhckl\�

I_j_qbke_ggu_ g_^hklZldb mkljZgyxl rbgu ke_^mxs_]h ihdhe_gby � djZldhfm

h[ahjm dhlhjuo b ihk\ys_gZ wlZ ]eZ\Z�

Kh\j_f_ggu_ ihke_^h\Zl_evgu_ ijh\h^gu_ rbgu

RbgZ ,�&�

Kj_^b jZkijhkljZg_gguo ihke_^h\Zl_evguo rbg ,� � ih\b^bfhfm bf__l

gZb[hevr__ qbkeh jZaebqguo �bgh]^Z g_kh\f_klbfuo j_ZebaZpbc� � RbgZ ,� � bf__l

Zj[bljZ` gZ mjh\g_ we_dljbq_kdbo kb]gZeh\ � dZ`^Zy i_j_^Z\Z_fuc [ehd ^Zgguo \dexqZ_l \

aZ]heh\hd ghf_j mkljhckl\Z � dhlhjhfm ^Zgguc iZd_l Z^j_kh\Zg � :^j_kZ mkljhckl\ ^he`gu

[ulv ba\_klgu aZjZgg__��Kms_kl\m_l fgh`_kl\h \ZjbZglh\ rbg [ebadbo ih mkljhckl\m d ,�&�

g_dhlhju_ ba gbo bkihevamxl ^ey i_j_^Zqb kb]gZeh\ � ijh\h^Z � g_dhlhju_ � � g_dhlhju_ ba



gbo i_j_^Zxl kb]gZe lZdlbjh\Zgby � g_dhlhju_ ³ijyqml
�

_]h \ kZfbo ^Zgguo � >ey g_dhlhjuo

ijbfblb\guo mkljhckl\ [u\Z_l ^Z`_ g_h[oh^bfh i_j_^Z\Zlv ^hihegbl_evgh_ qbkeh

kb]gZeh\ lZdlbjh\Zgby � aZ\bkys__ hl ^ebgu i_j_^Zgguo ^Zgguo � ,� � b __ g_klZg^Zjlgu_

jZagh\b^ghklb gZreb rbjhdh_ ijbf_g_gb_ \ ki_pbZebabjh\Zgguo we_dljhgguo

mkljhckl\Zo � ijbf_g_gb_f gZb[he__ [ebadbf d i_jkhgZevguf dhfivxl_jZf b bo

i_jbn_jbcguf mkljhckl\Zf ih`Zemc y\eyxlky qbih\u_ dZjlu � < qZklghklb mkljhckl\h

$&5�� � dhlhjh_ mihfbgZehkv kj_^b ijhqbo jZagh\b^ghkl_c dZjl � ih^^_j`b\Z_l jZ[hlm k ,�&

dZjlZfb b g_dhlhjufb dZjlZfb � bkihevamxsbfb g_klZg^Zjlgu_ jZagh\b^ghklb ,�& � DZd

iZj\beh � wlh gZb[he__ ijhklu_ dZjlu iZfylb � kh^_j`Zsb_ g_kdhevdh ^_kyldh\ [Zcl ^Zgguo

beb l_e_nhggu_ dZjlu � ;he__ ih^jh[gh k qbih\ufb dZjlZfb fh`gh hagZdhfblky gZijbf_j \

dgb]_ ³KfZjldZjlu � gZklhevgZy dgb]Z jZajZ[hlqbdZ
�
>�@ � >ey qbih\uo dZjl [he__ \ukhdhc

p_gh\hc dZl_]hjbb h[uqgh bkihevam_lky we_dljbq_kdbc ijhlhdhe i_j_^Zqb � hij_^_e_gguc

klZg^Zjlhf ,62�����

RbgZ CAN.

:[j_\bZlmjZ CAN jZkrbnjh\u\Z_lky dZd Cable Automation Network. GZagZq_gb_

& ��� � mijZ\e_gb_ h[hjm^h\Zgb_f ehdhfhlb\h\ � dhjZ[e_c � ^jm]bo dmjiguo ih^\b`guo

h[t_dlh\ � DZ`^h_ mkljhckl\h & ��� bf__l gZagZq_gguc _fm Z^j_k � RbgZ lZd `_ dZd b ,�&

bf__l f_oZgbaf Zj[bljZ`Z b iha\hey_l ihkueZlv dhjhldb_ dhfZg^u b ihemqZlv hl\_lu hl

mkljhckl\ � OZjZdl_jghc hkh[_gghklvx &$1 � y\ey_lky kihkh[ghklv i_j_^Zqb gZ jZkklhygby \

^_kyldb b khlgb f_ljh\ Z lZd `_ \ukhdZy mklhcqb\hklv d we_dljbq_kdbf gZ\h^dZf � LZd `_

dZd b \ 86%�)LUH:LU � \ & �	� ijbf_gy_lky jZaghklgZy i_j_^ZqZ kb]gZeh\ � Kms_kl\mxl

ki_pbZevgu_ j_iblhju � iha\heyxsb_ _s_ [hevr_ m\_ebqblv jZkklhygby ^hklmigu_ ^ey

i_j_^Zqb � < gZklhys__ \j_fy jZkijhkljZg_gb_ ihemqZ_l rbgZ &$1� � bf_xsZy ih\ur_ggmx

ijimkdgmx kihkh[ghklv b ijba\ZggZy m^\e_l\hjblv jZklmsb_ ihlj_[ghklb \ [ukljhc

i_j_^Zq_ \k_ [hevrbo h[t_fh\ ^Zgguo � <k_ & �	� mkljhckl\Z \ jZfdZo h^ghc k_lb dZd

ijZ\beh ih^dexqZxlky d h[s_c q_luj_oijh\h^ghc rbg_�

Hkh[uc bgl_j_k & ��� \uau\Z_l _s_ b ihlhfm � qlh g_ lhevdh ijhba\h^bl_eb

[hevrbo lj_ce_jh\ � gh b dhfiZdlguo e_]dh\uo Z\lhfh[be_c �lZdb_ dZd 0HUVHGHV � %0:�

)RUG 
 gZqbgZxl \g_^jylv wlm l_ogheh]bx��GZ g_dhlhjuo fh^_eyo �\ qZklghklb %0 � \uimkdZ

gZqbgZy k ��
�
�� ]h^Z
 & �	� y\ey_lky ijZdlbq_kdb _^bgkl\_gguf dZgZehf mijZ\e_gby nZjZfb�

aZfdZfb � kl_dehih^t_fgbdZfb � <k_ qZs_ i_j_^ Z\lhk_j\bkZfb \klZ_l \hijhk g_h[oh^bfhklb

hk\h_gby dhfie_dkgh]h j_fhglZ b h[kem`b\Zgby we_dljhh[hjm^h\gby lZdbo Z\lhfh[be_c�

D kh`Ze_gbx Z\lhijbha\h^bl_eb g_ ki_rZl jZkdju\Zlv k\hb qZklgu_ dhfZg^u

mijZ\e_gby � j_Zebah\Zggu_ ih\_jo &$1 � H^gZdh dhff_jq_kdb ^hklmigu �ohly b ^hklZlhqgh

^hjh]b 
 g_dhlhju_ lmedblu lj_lvbo ijhba\h^bl_e_c ^ey ^bZ]ghklbdb Z\lhfh[bevguo &$1

k_l_c � Djhf_ lh]h � ^hklmigh ki_pbZevgh_ h[hjm^h\Zgb_ b k\h[h^gh_ ijh]jZffgh_

h[_ki_q_gb_ &DQ2SH � ^ey kZfhklhyl_evgh]h ih^dexq_gby d wlbf k_lyf � AZbgl_j_kh\Zggh]h

qblZl_ey hlkueZ_f d bgl_jg_l�kZclm fhkdh\kdhc nbjfu ³FZjZnhg
�

www.marathon.ru,
can.marathon.ru.

;_kijh\h^gu_ k_lb b dZgZeu i_j_^Zqb

;_kijh\h^gu_ dZgZeu i_j_^Zqb k g_dhlhjhc lhqdb aj_gby fh`gh lZd `_

deZkkbnbpbjh\Zlv dZd ihke_^h\Zl_evgu_ rbgu � dhlhju_ \ dZq_kl\_ _^bgkl\_ggh]h ijh\h^Z

bkihevamxl wnbj � H^gZdh h[uqgu_ f_lh^u jZa^_e_gby dZgZeZ k\yab � bkihevam_fu_ \

ij\h^guo kj_^Zo ^ey i_j_^Zqb q_j_a wubj ijhklh g_ijbf_gbfu�

Hq_\b^gh bkihevah\Zgby kihkh[h\ Zj[bljZ`Z � bkihevam_fuo 86% � )LUH:LUH�



& ��� ^ey wnbjZ g_ijf_gbfu � _keb lhevdh g_ iulZlvky bkihevah\Zlv ^ey Zj[bljZ`Z

hl^_evguc qZklhlguc dZgZe � >_eh _s_ hkeh`gy_lkyl_f � qlh h[uqgh [_kijh\h^gu_ dZgZeu

/��� �/RFD � DU �	� QHWZRUN 
 b 3 ��� �SHUVRQD � DU �	� QHWZRUN � gZijbf_j %OXH7RRWK 
 bkihevamxl lZd

gZau\Z_fu_ g_ebp_gabjm_fu_ 6,� �6FLHQWLILF�LQGXVWULDO�PHGLFDO 
 qZklhlu � H[yaZl_evguf

lj_[h\Zgb_f d mkljhckl\Zf � bkihevamxsbf wlb qZklhlu � y\ey_lky ijbf_g_gb_ eb[h

rbjhdh]h ki_dljZ eb[h ijbf_g_gby iju]Zxs_c qZklhlu �)UHTXDQF� KRSSLQJ� � Kihkh[

ba[_`Zgby dheebabc � ijbf_gy_fuc \ ijh\h^guo k_lyo gZ hkgh\_ )UDP � ���� 
 b ����� � lZdbo

dZd (WKHUQH � lZd `_ g_ijbf_gbf \ kbem lh]h � qlh mkljhckl\h \ fhf_gl kh[kl\_gghc i_j_^Zqb

g_ fh`_l kemrZlv dZgZe qlh[u magZlv g_ iulZ_lky eb ^jm]h_ mkljhckl\h \_klb i_j_^Zqm

h^gh\j_f_ggh k gbf � <h \kydhf kemqZ_ wlh ihlj_[h\Zeh [u ^ey jZ[hlu g_kdhevdbo mkljhckl\

gZ[hjZ ^hklZlhqgh kbevgh jZag_k_gguo ih qZklhl_ dZgZeh\ � dZ`^uc ba dhlhjuo

bkihevah\Zeky [u ^ey i_j_^Zqb hl^_evguf mkljhckl\hf�

?s_ h^ghc \Z`ghc hkh[_gghklvx bkihevah\Zgby wnbjZ ih kjZ\g_gbx k

ijh\h^ghc i_j_^Zq_c y\ey_lky qlh lbibqghc y\ey_lky ke_^mxsZy kblmZpby � mkljhckl\Z � b %

dZ`^h_ gZoh^ylky \ ahg_ \b^bfhklb & � gh ^jm] ^jm]Z \b^_lv g_ fh]ml � Ijb wlhf \ kbem lh]h�

qlh mkljhckl\h � g_ fh`_l hij_^_eblv fhf_gl gZqZeZ i_j_^Zqb mkljhckl\hf % � hgh fh`_l

gZqZlv kh[kl\_ggmx i_j_^Zqm b l_f kZfuf gZjmrblv ijhp_kk ijb_fZ mkljhckl\hf � iZd_lZ

hl mkljhckl\Z % � >ey [hjv[u k wlbf g_`_eZl_evguf y\e_gb_f ijbf_gy_lky kihkh[�

ZgZeh]bqguc bkihevam_fhfm 56��� � mkljhckl\h ihkueZxs__ ^Zggu_ m\_^hfey_l h[ wlhf

hklZevgu_ mkljhckl\Z ijb ihfhsb ki_pbZevgh]h dhjhldh]h kem`_[gh]h iZd_lZ � Z mkljhckl\h

dhlhjh_ ]hlh\blky ^Zggu_ ijbgylv lZd `_ ba\_sZ_l hklZevgu_ mkljhckl\Z dhjhldbf iZd_lhf

�\ 56 
���
 ^ey wlh]h bkihevam_lky \uklZ\e_gb_ hij_^_e_gguo mjh\g_c gZ ki_pbZevguo

ijh\h^Zo� � < gZr_f ijbf_j_ mkljhckl\h � aZf_lb\ fZjd_j ]hlh\ghklb d ijb_fm � ihkeZgguc

mkljhckl\hf � hleh`bl ihkuedm kh[kl\_ggh]h iZd_lZ gZ \j_fy � g_h[oh^bfh_ ^ey i_j_^Zqb

mkljhckl\hf %�

Ba \ur_ kdZaZggh]h \b^gh qlh kms_kl\_ggh mijhklblv jZ[hlm [_kijh\h^ghc

k_lb fh`_l gZebqb_ \u^_e_ggh]h maeZ dhhj^bgZlhjZ �ih^h[gh lhfm � dZd wlh bf__l f_klh \

86%� � ?keb j_qv b^_l h [_kijh\h^guo ehdZevguo k_lyo � lh lZdmx jhev h[uqgh [_j_l gZ k_[y

ma_e � y\eyxsbcky lhqdhc ^hklmiZ \ Bgl_jg_l � Hq_\b^gh ijhba\h^bl_eyf k_l_\h]h

h[hjm^h\Zgby ohq_lky ijh^Zlv ih^h[gu_ ki_pbZebabjh\Zggu_ mkljhckl\Z � gh lZd `_

hq_\b^gh b lh � qlh ihlj_[bl_ev ohq_l bf_lv \hafh`ghklv bkihevah\Zlv b Z[khexlgh

h^ghjh^gmx k_lv ba g_kdhevdbo dhfivxl_jh\�

NZdlhjhf mkeh`gyxsbf mkljhckl\h h[hjm^h\Zgby ^ey \ukhdhkdhjhklghc

i_j_^Zqb y\ey_lky _s_ b y\e_gb_ hljZ`_gb_ K<Q kb]gZeZ hl fgh]bfb ij_^f_lZfb�

k\hckl\_ggh_ lZd `_ b i_j_^ZqZ \ klZg^Zjl_ *60 � ;hjv[Z k wlbf y\e_gb_f lj_[m_l

^hihegbl_evgh]h dhfihg_glZ � wd\ZeZca_jZ � ij_^gZagZq_ggh]h \u^_e_gby bkoh^gh]h kb]gZeZ

ba fgh]hdjZlgh hljZ`_ggh]h�

< ^h\_jr_gbb kdZaZggh]h ke_^m_l hlf_lblv g_h[oh^bfhklv aZsblu \

[_kijh\h^ghc k_lb � ]^_ \_jhylghklv \lhj`_gby ³g_ijhr_gguo ]hkl_c � fh`_l [ulv

kms_kl\_ggh \ur_ q_f \ h[uqghc ijh\h^ghc � ]^_ ijh[e_fZ aZsblu bgnhjfZpbb m`_ klhbl

^hklZlhqgh hkljh � >ey dhfivxl_jh\ � kh_^bg_gguo :/��� wlZ ijh[e_fZ fh`_l j_rZlvky

h[uqgufb k_l_\ufb kj_^kl\Zfb��^ey [he__ ijhkluo mkljhckl\ aZsblZ fh`_l hkms_kl\eylvky

\ kZfhf [_kijh\h^ghf ijhlhdhe_�

BlueTooth

Ijhlhdhe %OXH7RRW � ih k\h_c kmlb y\ey_lky [_kijh\h^ghc aZf_ghc h[uqguf

ihke_^h\Zl_evguf rbgZf � Ihwlhfm hg \ p_ehf ^hklZlhqgh kbevgh ihoh` gZ 86% � %OXH7RRWK
kh_^bgy_l iZju mkljhckl\ h^gh k ^jm]bf � gh g_ hj]Zgbam_l ehdZevgmx k_lv dZd lZdh\mx � Ih

hp_gdZf wdki_jlh\ ijhlhdheu :/��� g_ y\eyxlky dhgdmjbjmxsbfb ih hlghr_gbx d g_fm�

Ihoh`_ wlh ^_ckl\bl_evgh lZd �ohly i_j_^ l_f dZd [_ah]h\hjhqgh ijbgylv wlm lhqdm aj_gby

klhbl \kihfgblv ZgZeh]bqgu_ g_hijZ\^Z\rb_ky hp_gdb h dhgdmjbjmxs_f oZjZdl_j_ ih



hlghr_gbx ^jm] d ^jm]m 86 � b )LUH:LUH��

Ihkdhevdm %OXHWRRW � ij_^gZagZq_g \ qZklghklb ^ey hkms_kl\e_gby k\yab f_`^m

kZfufb ijhklufb mkljhckl\Zfb � lZdbfb gZijbf_j dZd [_kijh\h^gZy ]ZjgblmjZ ^ey

fh[bevgh]h l_e_nhgZ �b ihl_gpbZevgh ^Z`_ gZkl_gguc \udexqZl_ev� � djbilhaZsblZ

j_Zebah\ZgZ dZd qZklv kZfh]h ijhlhdheZ b wlh ba[Z\ey_l hl g_h[oh^bfhklb j_Zebah\u\Zlv __

gZ ijbdeZ^ghf mjh\g_ � Mkljhckl\Z fh]ml aZihfbgZlv b^_glbnbdZlhju ^jm] ^jm]Z b iZjheb

^hklmiZ��lZdbf h[jZahf nhjfbjm_lky 3ULYHW � $U ��� QHWZRU� �3$1��
KZfuf gb`gbf mjh\g_f ijhlhdheZ y\ey_lky %DVHEDQG � ^ey i_j_^Zqb

bkihevam_lky f_lh^ iju]Zxs_c qZklhlu � bkihevam_fuc ^bZiZahg ���*+] � >\Z jZaebqguo

lbiZ nbabq_kdbo kh_^bg_gbc 6\QFKURQRX � &RQQHFWLRQ�2ULHQWH 	 �6&2 
 b $V\QFKURQRXV

&RQQHFWLRQ � /L� � �$&/
 bkihevamxlky ^ey i_j_^Zqb a\mdh\uo ihlhdh\ b ^Zgguoky

khhl\_lkl\_ggh � I_j_^ZqZ a\mdZ ijhbkoh^bl h[hkh[e_gguf hl ^Zgguo kihkh[hf � \_jhylgh

ihwlhfm %OXH7RRW � qZklh Zkkhpbbjm_lky k [_kijh\h^gufb ]ZjgblmjZfb ^ey fh[bevguo

l_e_nhgh\ � ohly hq_\b^gh qlh ^ey mijZ\e_gby nmgdpbyfb l_e_nhgZ � lZdbfb dZd ih^gylb_

ljm[db��bkihevamxlky b ^jm]b_ \hafh`ghklb ijhlhdheZ�

<ur_ gZoh^blky /L � � 0DQDJH� SURWRFR 
 �/03� � hl\_qZxsbc aZ mklZgh\e_gb_

kh_^bg_gby b j_Zebamxsbc nmgdpbb djbilhaZsblu � Ijb g_h[oh^bfhklb fh]ml

bkihevah\Zlvky b g_rbnjh\Zggu_ kh_^bg_gby � I_j_^ZqZ a\mdZ hkms_kl\ey_l k

bkihevah\Zgb_f gZa\Zgguo ^\mo gb`gbo mjh\g_c � < ijbgpbi_ ihevah\Zl_evkdb_

ijbeh`_gby fh]ml bkihevah\Zlv b ^jm]b_ mjh\gb %OXH7RRWK � gh klZg^Zjlgu_ mkljhckl\Z ^ey

ijhklhlu bkihevamxl bf_ggh wlhl�

Ke_^mxsbf mjh\g_f y\ey_lky /RJLFD 
 /L � � &RQWUR 
 D��	 $GDSWDWL � � 3URWRFRO

�/�&$3� � wlhl ijhlhdhe h[_ki_qb\Z_l i_j_^Zqm iZd_lh\ b ij_^gZagZq_g ^ey bkihevah\Zgby

ijhlhdheZfb [he__ \ukhdh]h mjh\gy � Ij_^iheZ]Z_lky qlh jZajZ[hlqbdb fh]ml bkihevah\Zlv

_]h ^ey j_ZebaZpbb kh[kl\_ggh]h nmgdpbhgZeZ � < \_jkbb %OXH7RRW ��� � � /�&$ � bkihevam_l

lhevdh kh_^bg_gby lbiZ $&/ � LZdbf h[jZahf i_j_^ZqZ a\mdZ klZg^Zjlguf kihkh[hf

ijhbkoh^bl iheghklvx \ h[oh^ /�&$3�

< k\hx hq_j_^v ih\_jo mjh\gy /�&$ � m`_ jZ[hlZxl ijhlhdheu [he__

ijbdeZ^gh]h gZagZq_gby�

6HUYL � � 'LVFRYHU� 3URWRFR 
 �6'3� � iha\heyxsbc h[gZjm`b\Zlv b hij_^_eylv lbi k_j\bkh\�

ij_^hklZ\ey_fuo ^jm]bfb mkljhckl\Zfb�

7HOHSKRQ � &RQWUR 
 3URWRFRO � ij_^gZagZq_gguc ^ey mijZ\e_gby nmgdpbyfb l_e_nhgZ b nZdkZ�

\dexqZy $7�dhfZg^u�

5)&2 ����� bkihevam_lky \ dZq_kl\_ aZf_gu ihke_^h\Zl_evgh]h ihjlZ 5����

Ih\_jo 5)&2 ��� m`_ jZ[hlZxl ����� b 7&3�,� Z lZd `_ 8' � b ijhlhdhe 2%(;�

2%(� ij_^gZagZq_g ^ey mijZ\e_gby h[t_dlZfb \ fh^_eb deb_gl�k_j\_j � hg lZd `_

ij_^hklZ\ey_l ^hklmi d ^bj_dlhjbyf ^ey ihbkdZ gm`guo h[t_dlh\ ih ZgZeh]bb k /'$3 � KZf

ih k_[_ 2%( � g_ y\ey_lky q_f�l ki_pbnbqguf ^ey %OXH7RRWK � b ijbf_gy_lky \ qZklghklb

\f_kl_ k ,U'$ � 2%( � fh`_l bkihevah\Zlvky gZijbf_j ^ey h[f_gZ khh[s_gbyfb Y&DUG�

dhlhjufb ihevam_lky gZijbf_j ijh]jZffZ 0LFURVRI � 2XWO ����� ^ey h[f_gZ Z^j_kgufb

dgb]Zfb � qlh hq_gv m^h[gh ^ey kbgojhgbaZpbb Z^j_kh\ \ dhfivxl_j_ k Z^j_kZfb \ fh[bevgh

l_e_nhg_ � 5)&2 � � lZd `_ bkihevam_lky ^ey j_ZebaZpbb p_eh]h gZ[hjZ ijbdeZ^guo

ijhlhdheh\ � kihkh[ j_ZebaZpbb dZ`^h]h lZdh]h ijhlhdheZ gZau\Z_lky ijhnZcehf�

fgh`_kl\h lZdbo ijhnZceh\ ihklhyggh jZkrbjy_lky�

Ihwdki_j_f_glbjh\Zlv k mjh\gyfb ijhlhdheZ %OXH7RRW � fh`gh ijb ihfhsb fh[bevgh]h

l_e_nhgZ 1RNL � ���� � \ dhlhjhf ijhba\h^bl_ev h[_ki_qbe ^hklZlhqgh m^h[gu_ $3 ! \ kj_^_

6\PELD� b -�0( � beb ijb ijb ihfhsb ki_pbZevguo ^jZc\_jh\ b [b[ebhl_d \ /LQX " beb

lmedblh\ \ :LQGRZV�

WLAN



;_kijh\h^gu_ k_lb :/��� \ hlebqb_ hl %OXH7RRW � ij_^gZagZq_gu [ulv ZgZeh]hf

h[uqguo k_l_c /$1 � Z g_ ihke_^h\Zl_evguo rbg b ihjlh\ � < k\yab k wlbf hgb dZd ijZ\beh

bf_xl Zjobl_dlmjm kms_kl\_ggh [he__ h[s_]h gZagZq_gby � L_f g_ f_g__ ^ey [hevr_c

mgb\_jkZevghklb :/��� lZd `_ fh]ml h[_ki_qb\Zlv g_dhlmjmx djbilhaZsblm� ohly \h[s_f�

lh iheZ]Z_lky qlh lZdh\Zy \hkgh\ghf ^he`gZ hkms_kl\eylvky ijlhdheZfb ijbdeZ^gh]h

mjh\gy � bkihevamxsbfbky \ h[uqguo ijh\h^guo k_lyo � >ey i_j_^Zqb bkihevamxlky

^bZiZahgu qZklhl ���*+ � b �*+] � \ ihke_^gbo j_ZebaZpbyo kdhjhklv i_j_^Zqb fh`_l

^hklb]Zlv ��0ELW�VHF � LZdb_ k_lb � bkihevamxsb_ iZd_lh\ lbiZ )UDP � ���� 	
	 ihemqbeb

gZa\Zgb_ 5DGLR(WKHUQHW � G_kfhljy gZ gZebqb_ klZg^ZjlZ qZklh \hagbdZxl ijh[e_fu

kh\f_klbfhklb f_`^m mkljhckl\Zfb � k^_eZggufb jZaebqgufb ijhba\h^bl_eyfb � ihwlhfm \

ihke_^g__ \j_fy \_^msb_ ijhba\h^bl_eb h[hjm^h\Zgby \ khklZ\_ hj]ZgbaZpbb ih^ gZa\Zgb_f

:LUHOH ��� (WKHUQH 
 &RPSDWDELOLW � $OOLDQ � � \ujZ[hlZeb ^hihegbl_evgu_ ki_pbnbdZpbb�

mlhqgyxsb_ lj_[h\Zgby d h[hjm^h\Zgbx :/$1 � J_amevlZlhf wlhc jZ[hlu klZeZ :L�)L

�:LUHOH ��� )LGHOLW\� � wlZ l_ogheh]by y\ey_lky h[yaZl_evghc qZklvx j_ZebaZpbb gh\hc

ieZlnhjfu ,QWH � ^ey fh[bevguo dhfivxl_jh\ ih^ gZa\Zgb_f &HQWULQR � Wlh h[klhyl_evkl\h

^he`gh ihkem`blv ijbqbghc [ukljh]h ijh^\b`_gby :L�) � gZ jugd_ � ihkdhevdm kZfZ

ieZlnhjfZ &HQWUL ��� h[eZ^Z_l \Z`gufb oZjZdl_jbklbdZfb � dhlhju_ ^_eZxl __ ihe_aghc ^ey

ijbf_g_gby \ dhfivxl_jZo lbiZ 1RWHERRN � Z bf_ggh \ukhdZy wdhghfbqghklv \ hlghr_gbb

bkihevam_fhc we_dljhwg_j]bb � ^hklb]Z_fhc aZ kq_l jZkrbj_ggh]h mijZ\e_gby kbkl_fhc�

iha\heyxs_]h hldexqblv beb i_j_\_klb \ wdhghfbqguc j_`bf g_bkihevam_fh_ \ ^Zgguc

fhf_gl h[hjm^h\Zgb_�
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